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In the past epidemiology has been concerned 
chiefly with the part played by environmental fac- 
tors in the propagation of infectious conditions. 
But within recent years there has been a shift in 
orientation towards study of organic nervous dis- 
eases about which there are comparatively few 
reliable statistics relating to prevalence, incidence 
and geographic distribution. 

The subject of disseminated sclerosis is of 
especial interest because for some fifty years or 
more we have heard repeated expressions of opin- 
ion that the disease is not uniformly distributed in 
the world population and that, although prevalent 
in cold and temperate climates, it is compara- 
tively rarely seen in tropical and subtropical zones. 
I shall not catalogue all the work that has been 
done in this field but simply try to focus attention 
on the manner in which the hypothesis was born 
and to outline some of the chief reasons there are 
for maintaining it. 

Charcot may have been the first to set the idea 
in motion when he remarked, nearly a century 
ago, that the disease seemed to be unknown in 
England. Later, in the early years of the present 
century the same opinion was to be expressed 
again, this time about the United States. But this 
is old history. Such early notions were almost cer- 
tainly due to lack of clinical experience on the 
part of contemporary observers and not to any 
subsequent increased incidence of the disease in 
places where it was originally thought to be rare. 

The first stirrings of the theory to which I have 
alluded were prompted by the work of two Ameri- 
can epidemiologists—Davenport (1921) and Pearce 
Bailey (1922). These authors investigated the 
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domicile and ethnic origin of drafted men suffer- 
ing from the disease in the U.S. Armed Forces dur- 
ing the First World War. Davenport (1921) noted 
that a high proportion of affected servicemen had 
their homes along the shores of the Great Lakes, 
that is in the states of Minnesota, Michigan and 
Wisconsin. Pearce Bailey (1922) found that the 
majority were non-American born and that the 
races chiefly represented among them were Scandi- 
navians, French, Slavs, Germans, Scots, English 
and Irish in that order: Italians and Greeks, by 
contrast, contributing only a meagre proportion. 

About the same time in Germany, Dreyfuss 
(1921) suggested that in some way the disease was 
connected with wood-working and farming, and 
Koch (1929) put forward evidence that it was 
more common in rural than among urban dwel- 
lers. At a much earlier period Oppenheim (1896) 
had observed its occurrence among lead, copper 
and phosphorus workers, in engravers and litho- 
graphers and among those who had to do with 
aniline dyes. 

These latter suggestions were never confirmed. 
Not so, however, the idea of a selective geographic 
distribution. Adams (1927) and McAlpine (1927) 
in Great Britain, Steiner (1922) in Germany, and 
Dana (1921) in the United States recommended 
that field surveys should be undertaken in selected 
areas to discover the actual prevalence and un- 
cover possible contributory factors in living con- 
ditions, type of person affected, family back- 
ground, &c. Between 1926 and 1952, and com- 
mencing with Bing & Reese (1926) and Acker- 
mann’s (1931) postal surveys of doctors practising 
in Switzerland, a number of surveys were com- 
pleted by independent workers. These certainly 
demonstrated that the disease was more prevalent 
than had hitherto been suspected but prevalence 
rates varied considerably and were much lower 
than are found to-day. Thus, for the whole of 
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Switzerland the prevalence rate was 23 per 
100,000; for the north-western section of the 
country it was higher (36 per 100,000) and for the 
southern only 20. For North Wales it was 131, for 
Sweden 22, for Norway 37. At first it was thought 
these apparent variations in prevalence were un- 
likely to have occurred by chance, for example, 
that the different rates in Switzerland might indi- 
cate the disease was more prevalent in the norther- 
ly than in the southern parts of the country. But, 
gradually as the technique of surveys became more 
thorough and the wide clinical spectrum of the 
disease better recognized the figures for preva- 
lence began to rise so that those obtained in more 
recent years—64 for Rochester, Minnesota 
(MacLean et al. 1950); 51 for Northern Ireland? 
(Allison & Millar 1954); 56-67 for Northern Scot- 
land (Sutherland 1956); 64 for Denmark (Hyllested 
1956) — are much more consistent. Further it be- 
became evident that in none of these surveys was 
any focal aggravation of cases encountered and 
that, although there was an undoubted familial 
incidence for the disease, in Northern Ireland the 
incidence of the disease in the siblings of the 
propositi being five to fifteen times greater than in 
the general population, conjugal instances were 
rare and the incidence of consanguinity’ (first 
cousin marriages of parents) was only a little 
above 1 %. 

Meanwhile, others were approaching the sub- 
ject of prevalence from a different angle — that of 
mortality rates in different countries. Limburg 
(1950), compiled a series of figures for the crude 
death-rates for multiple sclerosis in different coun- 
tries, including the United States, Great Britain, 
Holland, Egypt, Italy, Australia, the Straits 
Settlements, and found considerable fluctuation 
which seemed to support the view that the disease 
was rare in the tropics and subtropics and the 
southern hemisphere; an idea that had, of course, 
been suggested years before by Miura (1911) for 
Japan and Sprawson (1927) for India. But the re- 
liability of this kind of information is often doubt- 
ful — there being so many sources of error owing 
to mistakes or omissions in certification, the vary- 
ing proportion of medically unattended deaths in 
different communities, and the fact that the place 
of death may not be an accurate expression of 
domicile during life. His work, however, being in 
a way a pilot study, led Kurland (1951) to repeat 
‘These results, Allison (1931), were obtained thirty-two years 
ago. A total of 126 cases of disseminated sclerosis were reported by 
doctors practising in North Wales. Had these all been accepted 
the prevalence rate would have been 25 per 100,000. The final rate 
of 13 per 100,000 was reached after all the patients had been 
personally examined and a number rejected on diagnostic grounds. 

*The rate for all age groups over 20 years was found to be 79 per 
100,000. Kurland ef al. (1957) suggest that this was an unfortunate 
way of expressing the rate because most others quote. rates per 


100,000 population at all ages. In fact, there is little point in 
comparing prevalence rates except in terms of age specific rates. 


it, this time corrected mortality rates only being 
considered for the Canadian provinces and the 
United States. When this was done it became 
apparent that for the whole of Canada and for 
most of the states situated above the 40th parallel 
of latitude the death-rate from multiple sclerosis 
was above the median for the whole of the North 
American continent, that is 1 per 100,000 inhabi- 
tants. For states situated below this parallel the 
death-rate was considerably lower than the same 
median. Further, it was found that in the colder 


‘regions, that is parts situated above the 30°F 


January isotherm, the mortality rate was greater 
than in the more southerly parts. 

These observations, which were published in 
1951, represent the first really serious attempt to 
prove or disprove the theory that disseminated 
sclerosis is essentially a disease of cold and tem- 
perate climates. But, it should be noted that their 
validity depends on the correctness of Kurland’s 
premise — certainly not an unreasonable one — that 
in the North American continent: ‘there is reason- 
able uniformity of medical practice, language, 
mortality reporting and coding methods’. How- 
ever, Kurland was not content to let the matter 
rest there and, shortly after, he and Westlund 
(1953) embarked on well-planned regional surveys 
of the cities of Winnipeg and New Orleans. The 
results, which were completed in 1953, showed 
that the prevalence rate in Winnipeg was more 
than six times as high as that for New Orleans. 
Taken into account with mortality data this would 
seem to have placed the relationship of multiple 
sclerosis to climate beyond dispute but one weak- 
ness in this otherwise careful study of prevalence 
rates was that no clear-cut diagnostic criteria were 
set, cases simply being designated as ‘probable’ or 
‘possible’ and the medical examiners in the two 
cities working more or less independently. 

Indeed, having regard to the fact that estimates 
of prevalence must depend to such a large extent 
on adequate clinical definition of the units to be 
counted, it is rather surprising to find in most pub- 
lished reports on prevalence how little attention 
has been given to diagnostic issues. If there were a 
specific test for the disease there would, of course, 
be no need for such. But, although so-called 
‘typical’ cases of disseminated sclerosis are easy 
to recognize, cases in which the evidence of multi- 
plicity of lesions is less obvious and in which the 
course is chronic and progressive present more 
difficulty and these, it should be remembered, 
comprise a fair number of all the cases likely to be 
reported for evaluation in a survey of any given 
area. There are also familial cases in which the 
distinction has to be drawn between disseminated 
sclerosis and primary degenerative disease, and 
those peculiarly benign cases in which the disease 
appears still to be latent or in its early stages, 
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despite repeated relapses in the past. It appears 
probable, therefore, that different diagnostic atti- 
tudes may influence the computation of preva- 
lence rates, a conservative attitude on the part of 
physicians in one community and a liberal atti- 
tude in another affecting estimated prevalence 
rates to a serious extent. 

This criticism was accepted by Kurland and the 
Charleston-Halifax survey planned to discover 
what difference (in places having comparable lati- 
tudes to Winnipeg and New Orleans) the intro- 
duction of more standardized diagnostic proce- 
dures would have. The survey was one of the first 
of its kind in the sense that (1) ascertainment was 
in the hands of the same team of observers, who 
examined all suspected cases personally and were 
responsible for scrutiny of hospital records. (2) A 
wider net was cast to include not only multiple 
sclerosis but such conditions as ‘encephalomye- 
litis’, ‘optic’ and ‘retrobulbar neuritis’, ‘myelo- 
pathy’, ‘primary lateral sclerosis’ or spastic para- 
plegia and ‘cerebellar ataxia’. (3) Diagnostic rules 
were drawn up and agreed to by members of the 
team before any patients were seen. These enabled 
us when in doubt (and subsequent experience 
showed that this happened not infrequently) to 
deal with clinical problems in the same way. 
Mistakes, it was accepted. would be inevitable 
but it was essential to avoid so far as possible, 
their being made unilaterally. 

Prevalence rates were calculated in the usual 
way from the number of normally resident patients 
found alive in the area on prevalence day. For 
‘Charleston County, South Carolina, where 26 
«cases were found, the rate worked out at 13-5 per 
100,000 of the population. For Halifax County in 
Nova Scotia, a thousand or so miles to the north, 
where there were 64 cases, it was 32-3, that is 
about two and a half times greater. There was a 
possible difficulty, however, because Charleston’s 
population contains about 50% of coloured 
people whereas in Halifax tlie proportion is only 
4%. So, to offset any effects that might have been 
created by difficulties in ascertainment of coloured 
people as compared to whites, the prevalence rates 
were computed for the white populations alone. 
As might be expected, this affected the results but 
not materially because the rate for Halifax in 
most specific age groups still remained more than 
one and a half times as great (ratio 1-7) as it was in 


‘Charleston. 


Thus, the weight of evidence in Europe and 
North America, at least, is in favour of dissemi- 
nated sclerosis being a disease of higher latitudes 
.and of temperate and cold regions. The same con- 


clusion may be inferred from recent work on the 


birth places of American veterans suffering from 
the disease (Acheson & Bachrach 1960). But, I 
ithink we should do well to withhold speculation 
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on the meaning of this curious relationship 
between latitude and disseminated sclerosis in 
Northern Europe and North America and not 
assume it is due to climatic differences until it has 
been shown whether or not the rule applies also to 
the southern hemisphere. For one thing, we are 
not even satisfied that it applies to far Eastern 
countries in the northern hemisphere. Thus, in 
Japan, where Okinaka, McAlpine and others 
(Okinaka et al. 1960) have recently completed 
surveys, no relation between prevalence and lati- 
tude was found, the disease apparently being as 
rare in the north as in the south of the country. 
Thus in Sapporo in the most northerly island the 
rate was only 1-6 per 100,000 inhabitants and in 
Kumamoto in the southern island of Kyushu it 
was 1-8. In none of the 12 cases accepted as ex- 
amples of multiple sclerosis had this diagnosis 
been made previously. The authors conclude that 
a number of affected but undiagnosed cases must 
exist in these two communities, but that, neverthe- 
less, the disease is less prevalent in Japan than it 
is in Western Europe and North America. 

To revert to the situation in the southern hemi- 
sphere, however, Dean (1949) has drawn attention 
to the extreme rarity of the disease in South Africa. 
There, its occurrence is said virtually to be con- 
fined to European immigrants and the same has 
been said of its distribution in Australia. If lati- 
tude and climate are important it should be pos- 
sible, as it was in North America, to demonstrate 
a commensurate difference in prevalence between 
such areas as, say, Queensland in Australia and 
the South Island of New Zealand. But, if there is 
no such difference in the southern hemisphere and 
the disease there is more or less uniformly of low 
prevalence, then, I think the possibility of ‘host’ 
factors or hereditary familial influences must be 
reconsidered in the heavily affected parts of the 
Old World and North America. Sutherland (1956), 
it will be recalled, suggested that the great preva- 
lence among Orcadians and Shetland Islanders 
might be related to their Scandinavian ancestry, 
and steps are now being taken with the object of 
defining the extent of organic nervous diseases in 
these islands and in the Faroes, where it is report- 
ed multiple sclerosis is rarely encountered. In Ice- 
land, which is particularly suitable for epidemio- 
logical study of this kind, and which I visited 
this summer, Drs Kjartan and Gunnar Gud- 
mundsson are completing their survey of the 
population of 167,000 with the same objects in 
view and they have adopted the same procedures 
as were followed in the Charleston-Halifax survey. 

When the projects I have mentioned are com- 
pleted, it will be possible with the data available 
to contrast many of the clinical features of the 
disease in different places and find out in what 
way, if any, they vary according to locality. In 
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Charleston, for example, despite its infrequency, 
there was a slightly higher proportion of ‘early 
probable’ or ‘latent’ cases than in Halifax. This 
could mean that although the disease occurred in 
Charleston there was some factor, peculiar to the 
patients or to their environment which, was re- 
tarding its advance. The kind of information that 
might be correlated should include: 


(1) Age of onset: It has been suggested that in 
areas where the disease is prevalent the age of 
clinical onset tends to be earlier than it is in 
regions where the disease is rare. 


(2) Mode of onset: A comparison might be made 
of the proportions of cases in different communi- 
ties showing typical, insidious and encephalomye- 
litic types of onset. 


(3) Familial incidence and comparison of the pre- 
valence of the disease among the siblings of propo- 
siti and in the general population. At present we 
are reviewing all cases of disseminated sclerosis in 
Northern Ireland that were ascertained ten years 
ago and have found a few more familial cases in 
the material that had previously been overlooked. 


(4) Frequency of consanguinity among parents. 


(5) Prevalence of other organic nervous diseases in 
the different communities, and especially of the 
spino-cerebellar degenerations. 


(6) Proportions of patients having a remitting or 
chronic progressive course: Chronic progressive 
cases usually comprise some 20% of the total 
ascertainment and it is among such ‘possible’ 
cases of disseminated sclerosis that diagnostic 
difficulties so often arise. 


(7) Duration of disease from clinical onset to per- 
manent physical disablement: Rapid deterioration 
would be an index of the severity of the disease or 
of the patient’s inability to resist it. All experience 
in recent years has confirmed Thygesen’s (1953) 
observation that in a proportion of those affected 
there is little or no evidence of physical disable- 
ment after the lapse of five to sixteen years. Many 
of these correspond to the concept of ‘early prob- 
able’ or ‘latent’ cases and the proportions of such 
in different places should be noted. 


It is possible that in epidemiological work in the 
past we have been so preoccupied with the some- 
what banal task of ‘counting noses’ that these 
other aspects have not received the attention that 
is their due. In future survey work, I think, not 
only must efforts be better co-ordinated and to 
some extent of necessity standardized, but it is 


essential that adequate clinical records should be 
kept both of accepted and rejected cases and of 
the other organic nervous diseases encountered in 
the regions under investigation. There will prob- 
ably be advantages, too, in selecting relatively iso- 
lated communities, much like some of those I 
have mentioned, with populations not exceeding 
30-150,000 inhabitants. 
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The Influence of Pregnancy on 


Disseminated Sclerosis 
by JH D Millar mp mrcp (Belfast) 


Before 1949, it was generally considered that preg- 
nancy had an adverse affect on the course of dis- 
seminated sclerosis. However, the statistical studies 
of Miiller (1949), Tillmann (1950) and McAlpine 
et al. (1955) failed to support this opinion. Miiller 
could find no connexion between childbirth and 
the occurrence of the disease. He considered 133 
childbirths amongst 99 women and subdivided his 
data by age of onset and duration of illness. His 
proportion of childbirths with associated relapses 
ranged from 14 to 22%, while his proportion of 
patient-years with relapses ranged from 17 to 
29%. He concluded that the relapse rate in the 
disease was not influenced by pregnancy. Tillmann 
(1950) analysed 19 cases from the Sloane Hospital 
in New York, a Maternity hospital, and 278 cases 
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from the Neurological Institute. He reported that 
of 52 women suffering from multiple sclerosis 
who had 70 pregnancies, 30 were unchanged, 4 
had remissions, 6 had relapses and that the disease 
was exacerbated in 22 during the puerperium. He 
concluded that pregnancy did not ‘accelerate the 
disease and was not significant in its develop- 
ment’. However, 22 exacerbations and 6 relapses 
might be interpreted as giving 0-40 relapses per 
pregnancy year. 

McAlpine et al. (1955) reported on 33 pregnan- 
cies in 24 patients; of these, 9 relapsed in associa- 
tion with 11 pregnancies. Thus 33 % of these preg- 
nancies were associated with relapse. This did not 
differ significantly from the general relapse rate 
of 39% in their series. 

Recently we analysed disseminated sclerosis 
material in Northern Ireland (Millar e¢ a/. 1959); 
we studied the records of 262 women. Table 1 
shows that the relapse rates for single and married 
women were identical. If a pregnancy year is de- 
fined as the nine months of pregnancy and the 
three months following pregnancy, then the total 
period of exposure included 170 pregnancy years 
in which 45 relapses occurred, an average of 0-265 
relapses per pregnancy year. This is twice the 
figure for single women or married women with- 
out pregnancies after the onset of the dissemi- 
nated sclerosis. Such a difference is most unlikely 
to have arisen by chance (P<0-01). Further, if a 
relapse in a pregnancy year is defined as an ‘asso- 
ciated’ relapse, then three-quarters (33-75) of the 
forty-five associated relapses might reasonably be 
expected to have occurred during a pregnancy, 
and a quarter (11-25) during the puerperium or 
remainder of the pregnancy year. In fact, only 6 
associated relapses occurred during pregnancy 
and 39 in the puerperium — a difference most un- 


Table 1 


Preliminary examination of data 





Single Married 
women women 
Number of women 111 151 
Total years of exposure @ 1,580 1,929 
Number of women who had one or more 
relapses 77 102 
Total number of relapses 164 201 


Relapse rate per woman per year 0-104 0-104 


Number of women who had one or more 


pregnancies after onset 70 
Total number of pregnancies after onset 

(i.e. number of pregnancy years @) 170 
Number of women who had one or more 

associated A relapses 33 
Number of associated A relapses 45 
Relapse rate per pregnancy year @ 0-265 





@Each woman’s exposure estimated from onset to age 45 or age 
last seen if before 45 years 

@ Pregnancy year = 9 months of pregnancy plus 3 months after 
pregnancy 

A ‘Associated relapse’ = relapse in pregnancy year (6 associated 
relapses occurred in pregnancy and 39 in three months after 
pregnancy) 
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likely to be attributable to chance (P<0-01). 
These findings raise the possibility of a relation- 
ship existing between childbirth and relapse as the 
figures following delivery are higher than those 
experienced by married or single women at any 
other time. 

However, other factors such as age of onset and 
duration of illness influence the relapse rate and 
must be taken into account. For this reason the 
relapse rates per woman per year exposed have 
been calculated in relation to age of onset and 
duration of disease (Table 2). The maximum rate 


Table 2 

Relapse rates per woman per year based on data for single and 
married women combined classified by age at onset and year after 
onset in which relapse occurred 








Years Age of onset in years 

aster Less 

onset than 15 15-19 20-24 25-29 30-34 35-39 40-44 
0- ~ 003) = - 004 007 009 0-04 
1-5 0-23 O12 O16 O14 O15 O16 010 
6-10 007 O08 O-11 009 O12 0-08 

11-15 O13 009 O14 006 0-06 

16-20 005 O10 O10 0-06 

21-25 003 005 0-01 

26-30 0-05 0-14 

31-35 - 

36+ * 

-=nil @ =nodata 


occurs one to five years after onset in all but one 
of the age of onset groups. The rates in Table 2 
are the average rates for all women. By multiply- 
ing these rates by the number of women-years ex- 
posure in a sub-group of women in corresponding 
age of onset and duration of disease categories, 
the expected number of relapses can be obtained 
for that sub-group. Table 3 shows that observa- 
tion and expectation agree very well for single and 
married women who had no pregnancies after the 
onset; however, married women who had preg- 
nancies after the onset experienced in pregnancy 
years 26:75 more relapses than would have been 
expected if their relapse experience had been 
similar to the average. This excess is most un- 
likely to be explained by chance. They had also 
fewer relapses in the non-pregnancy years than 
was expected, and again this difference is unlikely 
to be accounted for by chance. Women who had 
either numerous pregnancies and/or relapses 
could carry excess weight in this analysis. For 
this reason women with only one pregnancy after 
onset were analysed separately at the end of 
Table 3. However, the excess of relapses in the 
pregnancy years is again apparent, although the 
deficit in non-pregnancy years could easily have 
arisen by chance. These data revealed no evidence 
of an ultimately worse prognosis in terms of fre- 
quency of relapse for child-bearing women. There 
was evidence that relapses are sometimes pro- 
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Table 3 


Observed and expected @ relapses for defined groups of women and exposure periods 





Women considered Years of exposure considered 
Single All years 

Married All years 

Total All years 

Married, no pregnancies All years 

Married, one or more 

pregnancies All years 

All married All years 


Married, one or more Pregnancy years 


pregnancies Other years 

All years 
Married, one pregnancy Pregnancy years 
only Other years 

All years 


Observed (O) and expected Approximate 
(E) relapses probability of 
(O-E) being 

° E O-E exceeded by chance 
164 164-10 0:10 > 0-9 
201 200-90 + 0-10 - 0-9 
365 365 

82 81-17 + 0-83 0-9 

119 119-72 0-72 0-9 
201 200-90 

45 18-25 }- 26-75 0-01 

74 101-47 - 27°47 < 0-01 

119 119-72 

14 3°55 + 10-45 0-01 

29 35-09 — 6-09 0-3-0°5 

43 38-64 + 4:36 0-3-0°5 





@ Expected numbers based on rates for all women in Table 2 (see text) 


voked by pregnancy although they would prob- 
ably have occurred anyway later. It was suggested 
that this ‘anticipation’ might be brought about by 
the stresses of labour and increased work and res- 
ponsibility of the puerperium because other 
stresses such as trauma, infection and emotional 
disturbances have been implicated (McAlpine er 
al. 1955). If this suggestion is borne out by fur- 
ther investigation, it might explain why treat- 
ments designed to provoke a relapse may be 
followed by a longer remission than would other- 
wise have occurred. 


We have just completed a review of patients 
who were seen ten years ago and on whom the 
analysis was made (Allison & Millar 1954). In the 
ten years there have been 50 further pregnancies; 
only 6 have been associated with relapses. All sur- 


Table 4 


Marital condition of female disseminated sclerosis patients by 
grade of disability (omitting all patients with missing information) 





Grades 1,2 & 3 Grades 4,5 & 6 Deceased 
Marital 
condition O €E ojE% O° € oey Oo E OEX 
Single 42 55:56 76 39 37-26 105 54 2:18 128 
Other - 
with 


children 63 49-96 126 20 23-74 84 26 35:29 74 
Other - 
without 
children 56 55:48 101 42 39-99 105 30 32°53 92 


Total 161 161-09 100 101 100-99 100 110 110-00 100 





X?= 13-45 

D.F. = 4 

0-01 > P> 0-001 

O = ‘observed 

E = expected 

Fewer single and more other-with-children observed in the best grades 
han would be expected. the reverse be ng true of the deceased group 


viving patients were placed in the six grades of in- 
creasing disablement devised by Hyllested (1956) 
which are based on ability to walk and amount of 
assistance required. There were 377 women con- 
cerning whom information was complete, consist- 
ing of 139 single women, 109 married women with 
children born after the onset of the disease and 
129 married women without children after the on- 
set of the disease. Fifty-four single women, 26 
married women with children and 30 married 
women without children had died during the ten 
years. The remainder were divided into grades 1, 
2 and 3 and grades 4, 5 and 6. Table 4 shows the 
observed and expected number of single women 
and married women with and without children in 
the grades mentioned and the numbers of the de- 
ceased in each category. There are relatively fewer 
single women and relatively more married women 
with pregnancies in grades 1, 2 and 3, and thereare 
correspondingly fewer married women with child- 
ren and more single women in the deceased group 
than would be expected if all women had the same 
prognosis in terms of these grades. Allowance has 
been made for the fact that age of onset and the 
duration of the disease vary between the groups of 
women compared. These results may mean only 
that marriage and pregnancy are more likely to 
occur in the less disabled. On the other hand, they 
may mean that the prognosis is better for married 
women who have had children after the onset of 
the disease. 

This study and those quoted above all suffer 
from the criticism that they are retrospective. A 
truer answer is more likely to be found by a care- 
fully conducted ‘clinical follow-up, observing 
patients at frequent intervals and assessing when 
the grade of disability changes and the length and 
severity of relapses in relation to pregnancy. 
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At the moment there appears to be no evidence 
to support the view that pregnancy has an adverse 
effect on the course or prognosis of the disease. 
In the first few years of the illness, when the dis- 
ease is active and unstable, pregnancy and labour 
may well precipitate a relapse, but that this is 
much less likely to occur in the chronic phase of 
the illness when a woman may bear several child- 
ren without ill-effect. 
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A.tiological Factors in 
Disseminated Sclerosis 
by Henry Miller mp FrcP (Newcastle upon Tyne) 


If disseminated sclerosis is ultimately shown to 
have a ‘cause’ in the conventional sense of the 
term, this will probably be discovered by a bio- 
chemist, an immunologist, a veterinarian or a 
geologist. It seems unlikely that it will be revealed 
to the neurologist, who has studied the disease by 
his traditional methods for more than a century. 
In this connexion the clinician’s role is to act as a 
handmaiden to the researcher, and pioneer work 
such as that of McAlpine and Allison has fur- 
nished a mass of reliable clinical data against 
which any theory of etiology must be matched. 
Following their lead, we have now examined and 
documented over a thousand cases in a survey of 
the disease in Northumberland and Durham. 
The main purpose of the survey was to find 
patients for our laboratory studies and clinical 
trials, but we must admit that we have also been 
encouraged by such triumphs of serendipity as the 
revelations that cigarette smoking is a cause of 
cancer, and maternal rubella of congenital defect. 
Sir Francis Walshe has often remarked on the 
selective nature of observation, and it may be that 
our case histories lack the answer to some critical 
question — merely because it is one we have failed 
to ask. However, it is possible that the cause of 
the disease lies buried somewhere in these lengthy 
protocols waiting to be found by anyone inge- 
nious enough to unearth it. 

In this paper I will leave aside the epidemio- 
logical aspects of our survey and limit myself to a 
brief presentation of a few of the uses we are mak- 
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ing of our clinical material. This is of more inter- 
est as an account of method and of difficulties 
than of discoveries; most of our studies would 
figure appropriately in Arnold Rich’s Journal of 
Negative Investigations. 


Acute Exacerbations: Seasonal Incidence and 
Therapeutic Trial 

During the past two years we have studied more 
than 50 patients admitted to our department in 
acute episodes of disseminated sclerosis. In one- 
third of these, the exacerbation was associated 
with an overt infection. This usually preceded the 
onset of neurological symptoms, but occasionally 
the signs of a general infection appeared during 
the first few days of the neurological episode, re- 
calling the occasional development of an exan- 
thematous eruption after, rather than before, the 
onset of encephalitis. In view of this relationship 
of an appreciable proportion of all acute exacer- 
bations to apparently non-specific infections, 
usually of the upper respiratory tract, we explored 
the seasonal incidence of acute episodes in 514 
cases where onset or exacerbation had been clearly 
definable (Schapira 1959a). The distribution of 
these cases month by month and through the 
seasons was remarkably uniform, and afforded no 
positive evidence to support the ingenuous hypo- 
thesis which would regard acute disseminated 
sclerosis as a nervous complication of the com- 
mon cold or a neurological analogue of rheumatic 
infection. 

If allergic processes are concerned at some stage 
in the pathogenesis of disseminated sclerosis, it is 
possible that the course of acute exacerbations of 
the disease might be influenced by the administra- 
tion of steroid hormones. Sporadic experience of 
such treatment between 1952 and 1958 left us very 
doubtful of its value. The dramatic improvement 
occasionally seen after the administration of 
corticotrophin or one of the cortisone prepara- 
tions could easily be paralleled amongst un- 
treated cases, and a few patients deteriorated 
throughout vigorous treatment. We were left 
with little more than a fairly firm suspicion that 
the proportion of cases of retrobulbar neuritis 
which improved very soon after receiving steroids 
was higher than would have been expected if they 
were entirely without effect. Despite the vast 
reservoir of clinical material at our disposal it has 
taken us nearly two years to find 21 patients suit- 
able to participate in a controlled clinical trial — 
that is, patients with an assessable new sign or 
symptom of less than fourteen days’ duration, show- 
ing no tendency to spontaneous improvement. The 
cases have been randomized, disablement and 
clinical progression being recorded in numerical 
terms by an observer who did not know whether 
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the patient belonged to the treated or the control 
group. A definitive answer — if such a thing is 
possible — will take years to achieve, and our 
present figures lack the respectability of statistical 
significance. Indeed, by comparing the case his- 
tories with the treatment key at this stage I be- 
lieve I have risked statistical excommunication. 
Of 21 cases, all but 2 showed unequivocal clinical 
improvement after fourteen days ‘treatment’, 
whether with corticotrophin (10 cases) or with 
saline (11 cases). The quantitative assessment of 
improvement as a percentage decrease in an initial 
disablement score proved to be fallacious: for 
example the complete clearing of a new symptom- 
complex scored a negligible percentage in a sub- 
ject already chronically disabled, but a very high 
figure in a patient otherwise well. A ‘blind’ assess- 
ment concerned only with the rate of regression of 
the acute syndrome is probably more valid. Eight 
of these 21 new episodes recovered so rapidly and 
completely during treatment that to an observer 
unfamiliar with the behaviour of the untreated 
disease the course of events would suggest an un- 
equivocal therapeutic response. These 8 cases 
were found to comprise 5 of the 10 treated with 
corticotrophin, 3 of the 11 with saline. On the 
other hand 5 cases showed little or no ‘response’ : 
1 had received corticotrophin, 4 saline. 

Such a finding cannot be accepted as confirming 
— but it certainly does not preclude — a limited 
therapeutic value for corticotrophin in acute dis- 
seminated sclerosis. Short-term treatment of this 
kind seems to be relatively free of serious risk, 
except for the rare possibility of silent perforation 
of peptic ulcer. We hope that the patient con- 
tinuation of these observations over the next few 
years may yield more definite results. 


Maintenance Treatment with Prednisolone 

and Salicylate ; 

Nearly two years ago we began a second thera- 
peutic trial in which three groups, each of 30 
patients with established disseminated sclerosis, 
were treated ‘blind’ with prednisolone, soluble 
aspirin, and dummy tablets respectively. 

During eighteen months of treatment, five acute 
exacerbations had occurred amongst patients re- 
ceiving dummy tablets, eight in the salicylate and 
six in the prednisolone group. Nor did statistical 
analysis of successive numerically scored records 
of disability reveal any significant variation in the 
rates of deterioration of patients in the three 
groups. We believe that this study — which will be 
more fully reported elsewhere — lends no support 
to claims for the value of maintenance treatment 
with steroids in disseminated sclerosis, but that it 
does suggest a possible pattern for subsequent 
therapeutic trials in this difficult field. 


Genetic Linkage Studies 

It is now established that more than one case of 
disseminated sclerosis occurs in about 6% of 
affected families, a finding which at once suggests 
the possible operation of a genetic factor. Our 
familial material yields more multiple cases 
amongst siblings than in parent and child, sug- 
gesting that any genetic factor which may be in- 
volved is probably recessive rather than dominant. 

At the present time, known genes of 12 of the 
23 pairs of chromosomes are accessible to linkage 
studies, and these have been employed in New- 
castle by Dr. David Poskanzer and by Mr. R. A. 
Brack of our Regional Transfusion Centre. Fifty- 
three members of eight families which included 18 
cases of disseminated sclerosis have been studied. 
The genes concerned include the nine blood group 
systems (ABO, Rh, MNS, P, Kell, Lewis, Kidd, 
Duffy, and Lutheran), the secretion of ABO and 
Lewis substances in the saliva, and the genetically 
determined ability to taste phenyl thiourea. 
Mathematical analysis is not yet complete, but it 
seems fairly clear that this study has proved 
negative and that this method has failed to reveal 
any consistent genetic pattern differentiating 
those affected from those spared by the neuro- 
logical disorder. 

Of course an alternative explanation of familial 
incidence might be found in a history of common 
antecedent exposure to some exogenous factor 
earlier in life, and Dr. Poskanzer is at present 
studying the biographies of these patients in an 
attempt to evaluate this possibility. 


Lumbar Puncture and Surgical Operations 

Firm diagnosis of an initial attack of disseminated 
sclerosis is always more problematical than recog- 
nition of an acute episode of the established dis- 
ease, and it seemed that we might learn something 
about the nature of the disorder by studying the 
factors which apparently provoke exacerbation. 
The influence of banal infection in this connexion 
is unequivocal. Amongst other occasional factors 
(Miller & Schapira 1959) must be included 
trauma, which sometimes seems to determine the 
localization as well as the occurrence of new symp- 
toms, and the parenteral introduction of such bio- 
logical substances as various kinds of vaccine. It 
is probable that acute emotional disturbances 
may occasionally operate in the same way. 

It implies no mistrust of statistical method to 
accept clinical evidence of this nature even though 
the associations are occasional: it might for 
example be that such factors can operate only 
when the equilibrium which obtains between the 
patient and his disease is in an unstable phase. 

We have, however, applied statistical control as 
far as possible in studying the effect of two exo- 




















genous factors on the natural history of the dis- 
ease — lumbar puncture and surgical operations. 
Schapira’s (1959b) analysis of 250 cases shows 
that only 5 of these became significantly worse 
during the month after spinal tap; while a com- 
parison of the course of the disease during this 
month with its progression during similar periods 
twelve months before and twelve months after the 
lumbar puncture demonstrated that any apparent 
effect of this procedure on the course of the dis- 
ease was just as likely to be favourable as harmful. 
A similar method was employed in the study of 57 
surgical operations performed under general 
anesthesia on 40 of 662 patients with multiple 
sclerosis (Ridley & Schapira 1961). No acute 
exacerbations were observed during the month 
following operation. Two patients improved dur- 
ing this period: 8 showed some deterioration, 
which was considerable in 4. At the end of the 
post-operative year 11 patients had deteriorated, 
including 8 in whom the condition had been static 
during the twelve months which preceded opera- 
tion. It is doubtful whether such a figure repre- 
sents any real increase in the proportion of cases 
in which spontaneous deterioration would be 
observed during the same period. It is clear that 
any harmful effect which surgery may have is not 
sufficiently definite to justify withholding opera- 
tive treatment from patients with disseminated 
sclerosis. 


Social Incidence of Disseminated Sclerosis 
Our investigation into the social class incidence of 
the disease has rather unexpectedly proved posi- 
tive. A careful occupational analysis (Miller et al. 
1960) based on 771 cases of the disease has left us 
in no doubt that in Northumberland and Durham 
the disease is more than twice as common in Social 
Class I, and less than half as common in Social 
Class V as would be expected from the class dis- 
tribution of the population at risk. The signifi- 
cance of this differential social incidence, which 
recalls that of paralytic poliomyelitis and coro- 
nary thrombosis, is uncertain, but the validity of 
the finding in this population is unquestionable. 
Amongst other studies in the course of comple- 
tion are the employment of various immuno- 
logical methods to screen the sera of multiple 
sclerosis patients for antibodies to nervous tissue, 
which has yielded results which are no more than 
vaguely suggestive; the employment of the Zeiss 
retinal camera in a search, so far fruitless, for 
periphlebitis retine; a comparison of antibody 
response to the injection of typhoid vaccine in 
multiple sclerosis and control subjects, which has 
revealed some minor differences between the two 
groups; and a long-term attempt to find out 
whether or not intrathecal tuberculin has any 
place in the treatment of the disease. 


Symposium on Disseminated Sclerosis 9 


REFERENCES 
Miller H, Ridley A & Schapira K (1960) Brit. med. J. ii, 343 
Miller H & Schapira K (1959) Brit. med. J. ii, 737, 811 
Ridley A & Schapira K (1961) Neurology (in press) 
Schapira K 

(1959a) J. Neurol. Psychiat. 22, 285 

(1959b) J. Neurol. Psychiat. 22, 238 


DISCUSSION 


Dr Helen Dimsdale (London) asked Dr Miller if there 
was any evidence to show that dental extractions had 
a deleterious effect on the course of D.S. There had 
been warnings against them. 


Dr E D Acheson (Oxford) said he had compared the 
average age-adjusted death rates from D.S. over the 
period 1950-59 for the two islands of New Zealand, 
the various states of Australia and the Union of South 
Africa. As the white populations were largely of 
British or Dutch stock they were presumably suscep- 
tible to the disease and if the distribution of the disease 
were determined by the genotype of the host one might 
expect the mortality ascribed to it to vary little within 
these countries. It turned out that once again there 
was a fluctuation with latitude but in the reverse direc- 
tion: for example, the South Island of New Zealand 
had a mortality rate of 1-3 per 100,000 (whites) and the 
North Island of 1-0. Likewise there appeared to be a 
relationship with latitude within the states of Australia 
— from 1-2 (Tasmania) to 0-4 (Western Australia). 
Mortality figures decreased as the Equator was 
approached and in the Union of South Africa with a 
mean latitude of approximately 30° the rate was 0-09 
per 100,000. Queensland (27°) was an exception to this 
rule, as Dr Sutherland had already pointed out in a 
letter to the British Medical Journal (1959, ii, 824), and 
the death rate from D.S. there was 0-95 per 100,000. 
With that exception there was a linear correlation with 
latitude from southern New Zealand to South Africa, 
very similar to that described in the Northern Hemi- 
sphere. 


Dr C J Earl (London) referring to Dr Miller’s com- 
ment about the apparent effectiveness of steroid 
therapy on retrobulbar neuritis, asked if he thought 
there might be local factors which could influence its 
course. Some cases did badly and in his own experi- 
ence they were the ones which had shown severe 
cedema in the acute stage. It was possible that steroids 
acted merely by reducing the ceedema and not by a 
direct effect on the demyelinating process. 


Dr L T Kurland (Bethesda, Maryland) said that the 
population afflicted with D.S. appeared to correlate 
more with geographic location than with any racial 
factor. In Winnipeg no significant difference in the fre- 
quency amongst persons of French, English or 
Ukrainian descent was found. In Boston the rate 
among both whites and Negroes was considerably 
higher than the corresponding rates in Charleston and 
New Orleans. In San Francisco, cases among Orientals 
were observed. A prevalence rate six times greater in 
Winnipeg than in New Orleans still defied explanation. 

The occurrence of the disease in the U.S. and 
Canada appeared to be on an almost random basis 
within the young adult group. In Winnipeg no signi- 
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ficant difference was noted between the affected and a 
control group by occupation, educational level or 
other measures of economic or social status; nor did 
housing, sanitation, water supply, milk supply or food 
habits, including fat intake, differ for the cases and 
controls. However, he wondered whether in Dr 
Miller’s experience there might be some selective fac- 
tor. Were those in Class I for instance more likely to 
attend a clinic or private consultation ? 

No appreciable familial aggregation for D.S. had 
been noted in their studies. However, a follow-up 
study in Winnipeg which was then under way would 
attempt to clarify questions of familial aggregation 
through an intensive genetic enquiry. 


Dr Geoffrey Dean (South Africa) said that during the 
last eighteen months he had been carrying out a survey 
in South Africa and, while it was too early to give 
definitive figures, the trend was clear. The incidence in 
the South-African-born was very low but amongst 
immigrants it was high, as high perhaps as in Europe. 
Furthermore, amongst the South-African-born patients 
quite a surprising percentage, more than 50%, had 
spent some time in Europe whereas amongst the 
South-African-born population at risk about 5% had 
visited Europe. These two facts did seem to indicate 
an environmental factor responsible for D.S. 


Sir Francis Walshe (London) said that Dr Millar had 
given a paper of great practical importance for it 
indicated that not only amongst neurologists but still 
more amongst gynecologists and general practitioners 
there was a tendency to recommend too readily a ter- 
mination of pregnancy in the third month. This he 
believed was because they had been brought up to 
regard a pregnancy in a married woman who showed 
signs of D.S. as a major disaster. He felt that upon this, 
as also upon the associated question of surgical opera- 
tions which Dr Henry Miller had raised, they really 
must recast their ideas about the influence of the 
trauma of surgical operations and obstetrical adven- 
tures upon women suffering from D.S. and he was quite 
certain that Dr Millar’s paper should be read before 
the Royal College of Obstetricians and Gynecologists. 


Dr Isabel Wilson (London) said that thirty years ago 
she had a theory about the causation of D.S. which she 
would like to revive now. One of Charcot’s cases had 
fallen into a stream; the case on whom Dawson did his 
great work on pathology had fallen into a swimming 
bath. When she followed up this line of investigation 
she found many patients had been exposed to wet and 
damp. It seemed to her that an organism, a spirochete, 
might gain access through the skin, but there had been 
little evidence which might support this. 


Dr F M Purcell (London) mentioned a similar case in 
an African whose canoe had overturned. Within a few 
days the man had developed transverse myelitis. 


Dr E J Field showed sections from the optic chiasma 
of a woman who had died in her early 40s after two 
years’ history of D.S. The final episode had been rapid 
and she had died with a plaque which cut through the 
medulla oblongata. Dr Field showed a high-power 
view of a large glial cell in the cytoplasm of which was 
a tiny vacuole containing a rod-like structure bearing 


resemblance to an organism. Careful examination 
of the glial cells showed the presence of large numbers 
of such structures each within its own vacuole. When 
cut transversely they appeared as clearly defined dots. 
He did not claim that this was the causative organism 
of D.S. but he suggested that whenever such relatively 
rare material became available it should be subjected to 
careful high-power search. 


Dr Henry Miller, in reply to Dr Dimsdale, said the 
comparison of dental extraction with surgical opera- 
tion was not straightforward, because most patients in 
an operating theatre were under general anesthesia, 
while teeth were usually extracted without general 
anesthesia. There was no real information on this. 
Dental extraction might occasionally be followed by an 
exacerbation, but not so often as to make it worth 
while for a patient to hold on to dental caries. 

In reply to Dr Earl, there was no controlled evidence 
that steroids had any real value in retrobulbar neuritis 
(R.B.N.). He pictured R.B.N. as an edematous swelling 
of the optic nerve of non-specific etiology possibly in- 
volving allergic inflammation. Visual failure appeared 
to be caused by compression of the swollen nerve by 
the bony foramen, so that anything which tended to 
reduce the cedema could be expected to improve 
vision. He did not think the fact that R.B.N. sometimes 
responded dramatically to steroid therapy indicated 
that the lesion necessarily had an allergic basis. The 
effect might be entirely non-specific. 

In reply to Dr Kurland, he knew of no evidence in 
England to suggest that the members of Social Classes 
IV and V sought medical attention any more reluc- 
tantly than those in Classes I and II. He and his col- 
leagues had checked this fact in various ways, for 
instance by randomizing further samples of patients 
from general practitioners. He thought Dr Kurland had 
made a good point when he had said that the parent- 
sib connexion might be because most patients did not 
marry and have children. This seemed more likely than 
any genetic explanation. In view of the poor concord- 
ance amongst identical twins he found it difficult to 
believe that the occasional familial incidence was 
genetically determined. He had one family under re- 
view which included 5 cases of D.S. and a pair of iden- 
tical twins, one of whom had had the disease for four- 
teen years while the other remained unaffected. 

Dr Miller said he used not to believe that transverse 
myelitis could be attributed to sleeping on wet grass. 
With all the scepticism of a medical registrar he remem- 
bered thinking that such a thing was highly improb- 
able. But it could happen — perhaps in patients who 
were incubating para-infective encephalomyelitis. 
Many of their cases which had developed transverse 
myelitis had had a history of exposure to chilling. One 
such patient, a steeplejack, developed acute myelitis 
after working all day on a steeple in a blizzard: in two 
miners the condition immediately followed working 
for a whole shift up to the waist in ‘cold water. Such 
environmental factors might well determine the local- 
ization of a disease of this kind. Strong stimulation of 
an afferent sensory nerve would produce striking circu- 
latory changes in the cord and he saw no reason why 
weather should not trigger off such a condition. It 
seemed possible that physical conditions of this sort 
might play a part in the etiology of D.S. 














Consideration of Multiple Sclerosis 
in Relation to 


the Auto-[mmunity Process 
by Professor C E Lumsden mp (Leeds) 


Only fifteen minutes’ easy walking separates the 
Salpétriére from the Rue d’Ulm and only fifteen 
years separate Charcot’s classical microscopical 
analysis of disseminated sclerosis from Pasteur’s 
first human inoculation with anti-rabic vaccine. 
But a further seventy-four years were to elapse 
before the claim was to be made that anti-rabic 
vaccine can cause typical disseminated sclerosis 
(Shiraki & Otani 1959). It was during these 
seventy-four years that the search for the cause, 
not of multiple sclerosis (M.S.), but of post-rabic 
vaccinal paralysis led to studies of the effects of 
neurovaccines which in turn led to the discovery, 
thirteen years ago, of the condition called experi- 
mental allergic encephalomyelitis (E.A.E.). This 
in its turn has led during the past decade in rapid 
succession to the production of similar diseases 
affecting specifically the thyroid, adrenal, testis, 
uveal tract, peripheral nerves and skin, and to the 
postulate that these are all part of a general patho- 
logical phenomenon of auto-allergy which must 
play a vital role in the causation of many so-far- 
unexplained human diseases. The heady finding 
that in some of these experimental diseases, and 
in certain spontaneous diseases in man, specific 
organ- or tissue-antibodies may occur in the blood 
has swelled the popularity of ‘auto-immunity’ as 
a clinical ‘solution’ for many pathogenetic mys- 
teries. In view of the fact that the proceedings have 
been published of at least four Symposia (Grabar 
& Miescher 1959, Kies & Alvord 1959, Shaffer 
et al. 1959, Wolstenholme & O’Connor 1960) 
during the past two years largely devoted to 
immunopathology there seems little need here to 
review current notions of the experimental auto- 
immunity phenomena and it would ssem now 
that the time has come to attempt a blueprint for 
a bridgehead on the human disease of multiple 
sclerosis. For this blueprint I suggest that there 
are three pressing questions to be discussed: 
(1) What are we to conclude from the Uchimura- 
Shiraki (1957) cases of post-rabies vaccinal enceph- 
alomyelitis ? (2) Do anti-brain antibodies occur in 
man and what is their significance ? (3) Would it be 
possible to design a safe and effective ‘vaccine’ 
against experimental ‘auto-immune demyelinat- 
ing encephalitis’ with a view to its eventual 
application to man both as a test for the auto- 
immunity hypothesis and as a possible form of 
therapy ? 


(1) The histology of M.S. is well known, as 
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also are Uchimura and Shiraki’s cases of post- 
rabies vaccinal encephalitis. Perhaps (Lumsden 
1961) I am one of the few who do not accept 
Shiraki’s cases as even acute M.S. — chiefly on the 
grounds that the inflammation and cedema are 
disproportionately great to the demyelination and 
lipid breakdown and that the lesions are evidently 
monophasic and non-progressive peripherally. 
But I concede that the Japanese cases (a) illustrate 
that the human brain is susceptible to as severe 
forms of confluent allergic leuco-encephalitis as 
the most susceptible laboratory animal, (b) that 
they teach that too much morphological diagnos- 
tic emphasis cannot be placed upon the size and 
sharpness of contours of lesions, and (c) that a 
neuro-allergic mechanism in man could go a long 
way to producing the morphological peculiarities 
of M.S. They make it hard for us to doubt that 
allergy may be, and seems likely to be, the factor 
which triggers off the process in the new plaque 
although the evidence so far does not warrant the 
conclusion that it is the cause of the progressive 
selective demyelination. In concentrating here on 
multiple sclerosis in relation to the auto-immunity 
theory I emphasize that I am thinking still of 
allergy only as an initiating or trigger mechanism 
for the plaques. But in explanation of the second 
phase — or continuation mechanism — in the 
plaque I still believe, as I have urged for some 
years, that we still lack a vita! clue, perhaps re- 
lated to the biology of the oligodendrocyte. It is 
important to recognise that we mostly use the 
shorthand word ‘myelin’ for a complex structural 
unit consisting of a formed sheath of myelin with 
satellite nutrient cells. 


(2) The second question may be stated in 
another way: Is there an immunological distur- 
bance in multiple sclerosis and, if so, is it a cause 
or an effect? 

A priori, Kabat’s demonstration of an abnorm- 
ally high gamma globulin concentration in the 
C.S.F. of multiple sclerosis patients is suggestive 
of an immunological process. Moreover, there 
has been in recent years, particularly in Germany, 
a considerable revival of interest in early findings 
by Sachs & Steiner (1934) of substances in the 
sera of M.S. cases capable of fixing complement 
in the presence of extracts of M.S. brain tissue. 
They claimed that in 289 cases of M.S. 41% gave 
positive results as against only 3% in 1,340 con- 
trols. Raskin (1955), from the U.S.A., using a 
battery of six ‘antigens’ obtained positive results 
in twice Steiner’s frequency, viz. in 83% of 120 
M.S. cases, but she obtained up to 42% positives 
in 101 control neurological cases. Frick’s (1954) 
results, from Pette’s laboratory, showed a good 
correlation with the activity of the disease in his 
51 cases and a rather higher specificity. Delank 
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(1957) in a series of 70 neurological cases of 
various types found that 40% had complement- 
fixing antibodies to phenol-water and alcohol 
M.S. brain extracts and that these correlated with 
raised « and B globulins in the C.S.F. and he 
concluded that all these changes reflected ‘a sec- 
ondary defence reaction of the organism against 
breakdown products of brain tissue’. None the less 
his protocols show that even in the 12 M.S. cases 
in his series no fewer than 9 gave positive reactions 
as against the average of 40% in the whole series. 
Even more specific results were claimed by 
Steffen et al. (1955) using an anti-human globulin- 
deviation technique. It is worth stressing that in 
all of these five investigations the effective anti- 
gens were obtained from multiple sclerotic brains 
whereas human brain tissue from normal or cere- 
tral arteriosclerosis patients gave much lower 
positive rates in the studies of Steiner (1935), 
Raskin (1955), and Ahrengot (1957) and we like- 
wise obtained negative results with lyophilized 
normal human (and animal) brain tissue tested 
against sera from 45 MLS. cases, including 6 sus- 
pected early cases and one neuromyelitis optica 
(Lumsden et al. 1950). 

Obviously the finding of circulating anti-brain 
antibody — even if demonstrated to be such — does 
not prove that the disease is caused by it; if this 
were so we should have to define syphilis as a dis- 
ease of man caused by antibodies to ox heart! 
And complement fixation is notoriously an un- 
reliable method even in skilled hands. None the 
less, the results quoted attest to demonstrable 
immunological changes in multiple sclerosis and 
other diseases of the central nervous system and 
in one respect they are of great importance in that 
they show that antigenic material can escape from 
the brain in spontaneous diseases and elicit im- 
munological responses. There is an interesting 
report by Read et al. (1939) of antibodies to white 
matter developing in the sera of schizophrenic 
patients following insulin shock that seems to be 
worth pursuing. Some have questioned the rele- 
vance of experimental allergic encephalitis to 
human disease on the grounds that the material 
has to be injected. These antibody studies in man 
therefore at least provide evidence for a built-in 
machinery for auto-antibody formation in man 
which should be followed up in view of what I 
shall say later about the anamnestic — as opposed 
to the local adjuvant — role of tuberculin sensiti- 
vity in the experimental system. 

Nor does it follow that all circulating anti- 
bodies which may in the future be demonstrated 
in man will necessarily be of this secondary 
nature. Other well-known auto-antibodies — e.g. 
erythrocyte antibodies in auto-immune hemolytic 
anemia — also required the discovery of specific 
sensitive methods for their detection. While 


Ahrengot’s (1957) negative pilot test with the 
Boyden technique might be interpreted as due to 
the fact that the myelin antigens in his sera may 
be of the type lacking affinity for the red cell 
surface, it is possible to modify the surfaces of 


red cells (as with bisdiazotized benzidine) so that 


they will accept even these types of antigens so 
permitting the use of the highly sensitive hem- 
agglutination technique in the search for antibody. 
This indirect coupling device has been used for 
anti-insulin antibody (Stavitsky & Arquilla 1955) 
and, cogently to the present argument, it has been 
used to demonstrate in the circulation the skin- 
sensitizing antibody to ragweed extract -— the 
classical type of tissue-fixed antibody comparable 
by assumption to the E.A.E. system (Sehon 1959). 
But to apply such sensitive methods in the search 
for hypothetical primary — i.e. auto-aggressive — 
antibody in neurological conditions will require 
the isolation of chemically pure encephalitogenic 
proteins!. Some progress is being made as in- 
stanced by the report by Roboz-Einstein et al. 
(1960) of an encephalitogenically-active pure- 
species protein of strong positive charge in an 
electrical field which is present only in spinal cord 
and not in brain. Our group is working on this. 
This is a time of rapid revision in our ideas in 
immunology and the classical view that even de- 
layed hypersensitivity of the tuberculin type is not 
associated with circulating antibody is open to 
question, partly on the instances just cited, and 
more recently on the instance of experimental 
allergic encephalitis itself. Notwithstanding the 
claim (Paterson 1960) early this year of the passive 
transfer of E.A.E. in rats by transfused lymph- 
node cells, we may have to think again about 
humoral factors. A few months ago Murray and 
her associates (Bornstein 1960) in New York, who 
have perfected the in vitro cultivation of myelin, 
claimed that this is a most sensitive system for 
demonstrating anti-myelin antibodies. The effects 
described were specific for the myelin sheath, 
were reversible and were not produced by control 
anti-kidney antibody prepared in the same way 
(an important control necessary to exclude 
possible Forssman antibody effects). If these find- 
ings are confirmed an important new immuno- 
logical technique will be available for application 
to human sera for specific myelinolytic antibody. 
Indeed, if such a simple system as Murray’s cul- 
ture works, notwithstanding the earlier negative 
serum transfer work, one is tempted to ask 
whether we should now proceed to test sera (in- 


1The attempts of Soviet workers (Rempel 1956, Kolesnikov 
1957, Kozlovski 1958) to use intradermal Margulis-Shubladze 
vaccine as a ‘biological test’ for M.S. are open to the same inter- 
pretation at the moment as the Sachs-Steiner antibodies just dis- 
cussed — i.e. they wiil demonstrate secondary anti-brain antibodies. 
Purified antigens may be the solution. 
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cluding human M.S. sera) on animals immuno- 
logically suppressed with whole body irradiation. 
(3) In 1949 the accidental finding was reported 
(Lumsden 1949) that guinea-pigs treated with 
Freund adjuvants and either adrenal tissue or 
alcohol extract of brain, when later challenged 
with the standard encephalitogenic system, proved 
to be highly resistant. This observation has 
attracted only recent attention (Kies & Alvord 
1958, Svet-Moldavsky et a/. 1960) probably be- 
cause it was assumed to represent a minor second- 
ary event due to the rejection of the inoculum by 
the operation of the Koch phenomenon. When, 
with Dr. Richard Blight, this work was resumed 
in Leeds two years ago, and before the appearance 
of the first of the Russian papers, with a ‘safe-for- 
man’ vaccine in mind it seemed to us that the 
experiments should be broadly designed to find 
clues rather than support any theory. The experi- 
ments indicated in Table 1 are multi-faceted and 
in this discussion we need deal only with the broad 
result. We can largely ignore the results of group 1 
— the Moldavsky-type experiments — where the 
effects, especially of too short a course of pre- 
treatment, emerge. Clinically, however, the pro- 
tective effect of even an abridged course of adju- 
vants, both with and without fcetal brain, is 
marked, although the microscope shows that 
most of the animals had subclinical — and histo- 
logically milder — lesions. But this method has 


Table 1 
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provided a rather sensitive system for detecting 
enhancement of the adjuvant protection by the 
addition of human feetal brain. 

In the other groups, the use of a longer pre- 
treatment and an homologous brain tissue in the 
challenge has had the effect of separating much 
more clearly the protective effect from its absence. 
The conclusions to be drawn from scrutiny of the 
results of the combined groups 2-6 are clear. 
Whereas, in accordance with previous experience, 
the natural resistance of the guinea-pigs to the 
disease (as screened histologically) is seen to be 
10% — and which to allow a margin of safety may 
be doubled to 20% — when suitable pretreatment 
is given this figure can be raised to 80% and, 
clinically, the protection can be almost complete. 
Moreover, in all series where paraffin, lanolin and 
heat-killed M. tuberculosis were used as adjuvants, 
it is the adjuvants which evidently confer the pro- 
tection. For this reason the small series in group 6 
becomes of great interest since here none of the 
Freund adjuvants were used but an unrelated 
simple chemical substance, sodium alginate, with 
brain tissue. 

It is premature to speculate on the conclusions 
to be drawn from these experiments other than 
the clear-cut result that this disease, to which 
guinea-pigs are almost completely susceptible, can 
be nearly completely prevented. Further experi- 
ments are in hand but since one does not embark 


Summary of results of ‘vaccination’ against experimental ‘allergic’ encephalomyelitis 





Previously unpublished results by Lumsden & Blight (1961) 


showing the protective effects of various pre-treatments and the absence of 


protection by pre-treatment with BCG 


Type of experiment Non-occurrence of disease Duration of Average day Per cent immune 
after challenge pre-treatment of onset after 
Clinical Histology (days) challenge 
Group 1. — Fetal brain & adjuvants eo 
(a) Control: no pre-treatment 6/20 2/20 0 28 10 
(6) Human feetal brain 24/30 18/30 42 28 60 
(c) Guinea-pig foetal brain 18/28 7/28 42 32 25 
(d) Rabbit feetal brain 19/30 7/30 42 30 23 
(e) Adjuvants alone 19/29 6/29 42 29 21 
Group 2. — ‘De-sensitization’ trials — small 
amounts of adult brain and adjuvants 12/34 7/34 64 18 21 
(Control: as 3a) 0 Riu ; 
Group 3. — Proteolipids & adjuvants 
(a) Control: no pre-treatment 4/24 2/24 0 30 8 
(b) Pl-Adj-—1 ml x 3 17/18 15/18 76 _ 84 
(c) Pl-Adj-—3 ml x 1 8/10 8/10 117 ~ 80 
(d) Adjuvants alone 29/30 23/30 55 - 77 
Group 4. — BCG alone 
(1) 6/18 2/18 63 22 1 
(2) 8/18 5/18 70 28 28 
Group 5. — Tube-feeding with ECM- 
emulsion 1/9 1/9 55 - 11 
Group 6. — 1% sodium alginate & brain 
emulsion (no other adjuvant) 11/12 10/12 63 - 84 








@Group 1 were challenged with three 1 ml injections at weekly intervals of a 10% rabbit brain and cord mixture with Freund adjuvants. 
All other groups were challenged with 1 ml weekly for three weeks of a 10° guinea-pig brain and cord emulsion in Freund’s adjuvants 


(liquid,paraffin,|lanolin, 5 mg heat-killed M. tuberculosis per ml). 
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on experiments on hundreds of animals without 
much careful self-questioning, I can in conclusion 
advance some tentative notions. Into what 
category of ‘immunological unresponsiveness’ 
shall we try to fit these results ? 

(1) Is this Felton’s ‘immunologic paralysis’ in the 
sense of deviation or fixation of any free antibody 
as soon as it is formed before it gets to the brain? 
This view seems untenable since Freund adjuvants 
without brain were so highly protective. Nor, in 
the instance of the alginate protection, must it be 
assumed that the brain component necessarily 
acts by ‘deviation’ since in two of the animals a 
total of 20 mg only of brain was used in the pre- 
treatment phase (details to be published else- 
where). 

(2) Is this ‘immunological tolerance’ established 
in the adult? This again seems improbable be- 
cause of the lack of complete specificity. 

(3) Is this true ‘acquired immunity’ to E.A.E.? If 
E.A.E. is caused by antibody it is untenable that 
antibody can elicit an anti-antibody. If, however, 
the disease were due not to circulating antibody 
but to circulating antigen-antibody complex this 
explanation might be possible, although I know 
of no precedent. 

(4) Is this the result of the ‘Koch phenomenon’? 
The challenge injections are sited differently from 
the pretreatment injections. In view of this, group 
4-—the animals pretreated with B.C.G. without 
brain and confirmed to be Mantoux-converted - 
are comparable with the protected groups. Yet 
these B.C.G. animals showed no protection what- 
soever and at the same time presented local Koch 
phenomena at the injection sites far exceeding any 
seen in the series protected with Freund adju- 
vants. Moreover, the role of a Koch phenomenon 
cannot be advanced for the results with alginate 
unless we postulate that the Koch phenomenon is 
not strictly specific. On the other hand if we in- 
voke the Koch phenomenon in this protection 
theory as operating not locally in rejection-of the 
inoculum but generally upon the immunologically- 
competent cells in the lymph nodes or already in 
the circulation (those ‘messengers of death’ res- 
ponsible in Waksman’s (1960) explanation of 
E.A.E.), then again we are confronted by the fact 
that B.C.G. pretreatment, comparably timed, 
failed to protect and even apparently accelerated 
the encephalitis. It may be argued that perhaps 
the dose of B.C.G. fails to provide the strong 
stimulus to the lymph nodes that Freund’s adju- 
vants and alginate plus brain provide. This we 
must investigate but even if it proves to be true the 
result is no less important since it would imply 
that by suppressing the immunologically-compe- 
tent cells in the lymphoid system by massive anti- 
gen challenge of one type, antibody formation to 
the brain (and by inference to auto-antigen) may 


be prevented. It has always been a tenet that 
E.A.E. can be regularly induced only when the 
brain tissue and Freund adjuvants are injected 
together. Yet in the protection situation equally 
regularly is it sufficient to modify the immuno- 
logical response to the adjuvant alone; and even 
this may be achieved non-specifically since pre- 
treatment with alginate and brain confers resist- 
ance to a subsequent challenge containing tuber- 
culoprotein as its essential adjuvant agent. We 
may be guilty in studies of hypersensitivity of the 
delayed type — to which all the experimental auto- 
allergic diseases seem to belong — of invoking too 
rigidly the classical concepts of immunological 
specificity, applicable where antibody molecules 
but not the immunologically-competent cells pri- 
marily dictate the result. E.A.E. may well be a 
true auto-antibody disease to neural protein act- 
ing as a complete (i.e. non-haptenic) antigen but 
elicited only as an anamnestic response to tuber- 
culin, and M.S. might be a true auto-antibody 
disease elicited, in a patient in an anamnestic 
state, by nervous antigens liberated as we saw 
earlier (under Question 2) in a variety of condi- 
tions. Therefore, clinically, perhaps we should in 
M.S. examine more closely the patient’s general 
immunological responsiveness, e.g. to tuberculo- 
protein (the Oxford findings of Smith et al. 1957 
may be interpretable in this light) and our research 
and therapeutic hopes should be focused not so 
much on anti-brain antibodies as upon an anam- 
nestic mechanism on which their operation as 
auto-aggressive antibodies may be dependent. 


REFERENCES 
Ahrengot V (1957) Acta psychiat. Kbh. 32, 192 
Bornstein M B (1960) J. Neuropath. 19, 171 
Delank H W (1957) Arch. Psychiat. Nervenkr. 195, 383 
Frick E (1954) Klin. Wschr. 32, 450 
Grabar P & Miescher P, eds. (1959) Immunopathology. Basel 
Kies M W & Alvord E C 
(1958) Nature, Lond. 182, 1106 
(1959) ‘Allergic’ Encephalomyelitis. Springfield, Ill. 
Kolesnikov G F (1957) Nevropat. i. Psikhiat. 57, 317 
Abstracted in: Soviet Med. B (1957) 2, 80 
Koziovski A A (1958) Nevropat. i. Psikhiat. 58, 681 
Abstracted in: Soviet Med. B. (1960) 4, 501 
Lumsden C E 
(1949) Brain 72, 517 
(1961) In: Scientific Aspects of Neurology. 
Ed. H. Garland. Edinburgh 
Lumsden C E & Blight R (1961) The Prevention of Experimental 
Allergic Encephalomyelitis (in preparation) 
Lumsden C E, Kabat E A, Wolf A & Bezer A E 
(1950) J. exp. Med. 92, 253 
Paterson P Y (1960) J. exp. Med. 111, 119 
Raskin N (1955) Arch. Neurol. Psychiat. Chicago, 73, 645 
Read C F, Heilbrunn G & Liebert E (1939) J. nervy. ment. Dis. 90,747 
Rempel A (1956) Nevropat. i. Psikhiat. 56, 632. 
Abstracted in: Soviet Med. B (1957) 2, 60 
Roboz-Einstein E, Robertson D & De Caprio J (1960) Fed. Proc. 
19, 331 
Sachs H & Steiner G (1934) Klin. Wschr. 2, 1714 
Sehon A H (1959) In: Shaffer et al. (1959) p. 61 
Shaffer J H, LoGrippo G A & Chase M W, eds. 
(1959) Mechanisms of Hypersensitivity. London 
Shiraki H & Otani S (1959) In: Kies & Alvord (1959) p. 58 
Smith H V, Espir M L E, Whitty C W M & Russell W R 
(1957) J. Neurol. Psychiat. 20, 1 
Stavitsky A B & Arquilla E R (1955) J. Immunol. 74,5306 








oT 


nae kt ht ith ae ee te te ee a oe ef a Oe 








Feo CLE? 


SE at 





Steffen C, Tschabitscher H. Wanko Th. & Schinko H 

(1955) Klin. Wschr. 67, 763 
Steiner G (1935) Arch. Neurol. Psychiat. Chicago, 34, 466 
Svet-Moldavsky G J, Svet-Moldavskaya I A & Ravkina L I 

(1960) Acta Virol. (English edit.) 4, 94 
Uchimura Y & Shiraki H (1957) J. Neuropath. 16, 139 
Waksman B H (1960) In: Wolstenholme & O'Connor (1960) p. 280 
Wolstenholme G E W & O’Connor M, eds. 

(1960) Cellular Aspects of Immunity. London 


Experimental Allergic 
Encephalomyelitis 
by E J Field mp Ms (Newcastle upon Tyne) 


Since the century or so during which multiple 
sclerosis has been recognized has brought vir- 
tually no progress in elucidating its etiology, the 
announcement by Rivers, Sprunt & Berry in 1933 
of experimental production of demyelinating dis- 
ease in animals was hailed with hope as well as 
interest. Whilst their original method involved 
repeated injections (up to 60 or 70) of brain sub- 
stance before neurological disturbance appeared, 
the introduction of adjuvants by Freund and his 
collaborators in the early 1940s made the produc- 
tion of experimental encephalomyelitis much 
easier; and when guinea-pigs were shown to be 
highly susceptible to the experimental disease, 
laboratories in all parts of the world embarked 
upon such work. 

Because Freund’s adjuvants (consisting of a 
light mineral oil, heat killed and dried tubercle or 
other suitable bacilli, and an emulsifying agent) 
are known to increase antibody production when 
injected together with any given antigen, and be- 
cause of the interval of two to three weeks between 
injection and onset of neurological disturbance, 
the condition has come to be looked upon as an 
experimental allergic encephalomyelitis (E.A.E.) 
though this has never been proved. 

Whilst guinea-pigs and rabbits are most com- 
monly used, monkeys, dogs, sheep and other 
animals have all been shown to respond and an 
inadvertent similar experiment has been success- 
fully carried out on man. 

My own experiments have been confined to 
guinea-pigs. A single inoculum into the skin of the 
dorsum of one foot, consisting of 15 mg of wet 
normal brain (either human or guinea-pig) with 
1 mg of heat killed and dried tubercle bacilli with 
Bayol F & Arlacel A (a light Esso mineral oil 
and an emulsifying agent respectively) is made in 
a volume of 0:2 ml. Within a few days the foot 
becomes swollen and often ulcerates. At about 
fourteen to twenty days the animal begins to show 
neurological disturbance. The hind legs become 
weak and sometimes rather stiff, and the animal 
is easily thrown off balance. Nearly always there 
is a loss of weight of 20-30 g on the day of paresis 
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or on the preceding day. The condition may deter- 
iorate so that the animal comes to drag its hind 
legs whilst its forepart remains quite well; or 
paralysis may ascend and the animal lie perma- 
nently on its side, sometimes showing a contin- 
uous tremor or occasional convulsions, especially 
when handled. Many very sick animals will never- 
theless recover, and if paralysis has not been 
severe they may finally show little more than a 
persisting slight stiffness of the hind legs. At the 
height of the illness paralysis of bladder and rectal 
sphincters is common. About 80-90% of all 
guinea-pigs show some degree of neurological dis- 
turbance after the injection described above. 

Two important questions may be posed: (1) Is 
so-called experimental ‘allergic’ encephalomyelitis 
truly of an allergic nature? (2) If so, what relation 
does it bear to human diseases such as post-infec- 
tious encephalomyelitis and multiple sclerosis ? 

Whilst the allergic nature of the condition has 
not been established beyond all doubt, it is gene- 
rally agreed to be highly probable. The activity of 
Freund’s adjuvants which are known to promote 
the development of antibodies and tuberculin 
type sensitivity, the characteristic two to three 
weeks latent period following injection, the 
specific efficacy of miyelin-containing brain 
material and the induction of ‘tolerance’ by injec- 
tion of brain material into immature animals are 
the major bases for this belief. However, attempts 
to demonstrate antibody to brain tissue in the 
blood during the experimental disease have uni- 
formly failed to establish any correlation between 
the blood titre and severity of the disease. 
Animals may be severely ill without antibody 
being detectable. On the other hand skin sensiti- 
vity to the brain material originally injected has 
been said to parallel the severity of disease. In my 
own experience such correspondence is, however, 
only approximate. Practically every animal be- 
comes sensitive to the inoculated heterologous 
brain, often within forty-eight to seventy-two 
hours of the injection, while the reaction obtained 
on skin testing (which is of the delayed tuberculin 
type) commonly shows little relation to the 
severity of the disease. Some further difficulties 
will be considered below. 

It is impossible within the limits of this brief 
presentation to deal with more than a very few 
isolated aspects of experimental allergic encepha- 
litis. 


Pathology: This varies in different species. All 
show perivascular cuffing with small round cells 
(lymphocytes) and some authors have also seen 
plasma cells and occasionally polymorphonuclear 
leucocytes too. Of more interest is the occurrence 
of true demyelination. This undoubtedly occurs 
in monkeys (and in man, as will be seen below), 
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but in guinea-pigs it is usually described as 
‘uncommon’. In more than 500 animals I have 
not seen true demyelination. Pale perivascular 
areas in sections stained for myelin are found on 
closer examination to be accumulations of cellular 
infiltrate which push aside neighbouring myeli- 
nated fibres producing an illusion of true demye- 
lination; Freund, Stern & Pisani (1947) likewise 
did not see true demyelination in guinea-pigs. In 
sum, the changes in experimental allergic encepha- 
lomyelitis of the guinea-pig are essentially a 
meningo-encephalitis and choroiditis, together 
with widespread perivascular cuffing with 
lymphocytes, throughout the white matter. These 
perivascular cuffings may be either limited to the 
immediate neighbourhood of the vessels being 
contained within the vascular membrane, or they 
may spill over into the surrounding nervous 
parenchyma so that sometimes quite large areas 
of diffuse infiltration may be found. Even here, 
however, there is no true demyelination. The roof 
of the third ventricle is markedly affected. It may 
be that disintegration of myelin might occur as a 
sequel around the infiltrated vessels under certain 
conditions which do not ordinarily obtain in the 
guinea-pig. It is, for example, conceivable that 
resorption of ‘tissue fluid’ from the nervous tissue 
is impeded by exudate, so that stasis results with 
local conditions inimical to survival of myelin. 
In animals, such as the guinea-pig, with a thin 
cerebral vesicle, dammed-back tissue fluid might 
escape either to the surface or to the ventricular 
system whereas in those with thick vesicles this 
might not be possible and myelin might not sur- 
vive. Since nervous tissue is devoid of a lymphatic 


system, clearance of local fluid collections will 
depend upon ease of diffusion. Put in another 
way, demyelination may be a sequel of an allergic 
process in certain animal species, but such demye- 
lination would not itself be directly allergic. 

If the disease is indeed an allergic one in which, 
however, no circulating antibody can be consist- 
ently demonstrated, it might be expected that 
plasma cells would be prominent in the perivas- 
cular exudates of the brain lesions. This is not so. 
Lymphocytes, microglial cells and sometimes 
polymorphs are present. Alvord & Stevenson 
(1950) failed to demonstrate microglial cells using 
Hortega’s silver carbonate method. In my own 
hands, however, the method has given clear and 
convincing results. There would appear to be 
three types of lesions so far as microglia is con- 
cerned: (1) Perivascular lymphocytic accumula- 
tions without microglial cells. (2) Markedly stimu- 
lated and proliferated microglia around a small 
vein which shows no lymphocytic or plasmacyte 
infiltration (Fig. 1). (3) A mixed reaction in which 
there is a little microglial stimulation near an in- 
filtrated blood vessel. 

Stimulation of microglia, so that its normally 
very delicate and finely branched processes be- 
came thickened and coarse, is an early result of 
change in the ‘ground substance’ of nervous 
tissue in which the processes are normally em- 
bedded. As a delicate index of disturbance such a 
change may be present when nerve cells and fibres 
remain histologically intact (Field 1954). In the 
present context this suggests that some change 
may take place around the small veins without 
local lymphocyte or plasma cell accumulation. 





Fig 1 Microglial stimulation in the vicinity of a cortical vein in a guinea-pig with E.A.E. 
Note absence of small round cell infiltration. Hortega silver carbonate stain. « 165 
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This is unexpected for a condition of presumed 
allergic etiology. However, these findings are con- 
sonant with those of Vulpé et al. (1960) who, using 
radioactive iodinated bovine albumin as a tracer 
substance, found ‘increased permeability around 
blood vessels without any signs of inflammation’ 
and conversely that ‘certain blood vessels with 
signs of inflammatory changes may not show in- 
creased permeability’. 

If the disease is allergic in its pathogenesis then 
treatments designed to diminish an allergic res- 
ponse might be expected to militate against its 
development. The effects of sodium salicylate, 
ACTH, 6-mercaptopurine and irradiation with X- 
rays have been examined and may be presented 
very briefly. 


(1) X-irradiation: 150 V or 300 V whole body 
dosage, eighteen hours before inoculation, does 
not protect against E.A.E. This has been urged by 
Allegranza (1959) as evidence against the allergic 
nature of the disease. However, such doses do not 
abolish the development of skin sensitivity and 
these experiments do not therefore support his 
argument. The guinea-pig would appear to be an 
animal in which irradiation with X-rays must be 
of lethal level before immune response is abolish- 
ed. A full account of this work will appear else- 
where. 


(2) Sodium salicylate: has been claimed (Good 
et al. 1949) to protect against E.A.E. if given 
early enough. Our own experiments suggest that 
sodium salicylate affords protection only if it is 
given simultaneously with or soon after the excit- 
ing injection, and that it might well act through 
ACTH discharge. 


(3) ACTH: has been confirmed as protecting if 
given continuously before or from the time of the 
exciting injection. However, many animals which 
appear to have been protected clinically show 
mild histological lesions, so that the effect may 
represent nothing more than the non-specific 
familiar anti-inflammatory action of the hormone 
and not a specific effect on an immune reaction. 
It should be added that ACTH has not been 
shown with certainty to depress antibody forma- 
tion (Scheiffarth 1958). 


(4) 6-mercaptopurine: has recently been claimed by 
Hoyer et al. (1960) to offer protection against 
E.A.E. in rabbits when given intravenously in 
doses of 12 mg/kg bodyweight per day, though 
only whilst the injections continued. Independent- 
ly of these results Dr. Miller and I have found 
guinea-pigs to tolerate a dose of 6 mg/kg body- 
weight when given intramuscularly, but not 10 
mg. Beginning with the smaller dose at the time of 
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the exciting injection and continuing daily 
throughout, no protection whatsoever was en- 
countered. In fact, the animals appeared to 
succumb sooner. A full evaluation of these 
results will be presented elsewhere. Here it may be 
merely pointed out that they do not afford evi- 
dence one way or the other with regard to the 
allergic nature of experimental encephalomyelitis. 


Taking all the evidence together, however, the 
experimental disease does seem to be allergic in 
origin. Although certain features remain obscure 
the position is no worse than in many other condi- 
tions widely accepted as allergic. 


What is the relation of this experimental disease 
to human conditions? In the first place it now 
seems clear that brain tissue when repeatedly in- 
jected into humans can produce an E.A.E. The 
cases published by Uchimura & Shiraki (1957) of 
perivenous and ultimately confluent demyelinat- 
ing lesions following Pasteur treatment of suspect- 
ed rabic infection are now well known. More 
recently a case presenting even closer analogies 
with E.A.E. has been published by Jellinger & 
Seitelberger (1958). At the age of 47 a man began 
to suffer from progressive left-sided parkinsonism 
which could not be controlled by the usual 
medicaments. He was, therefore, given a course of 
seven injections of lyophylized calf brain over the 
space of eighteen months. For good measure 
some placenta was also added. Great care was 
taken to ensure the sterility of the inocula but 
twenty-two days after his last injection, when the 
patient was 51 years of age, he developed a 
rapidly progressing neurological illness and died 
in coma. Examination showed an acute demye- 
linating encephalomyelitis with confluence of 
lesions around the angles of the lateral ventricles. 

The central problem remains to establish the 
relationship of such findings to human ML.S., 
with its dramatic onset or its slow insidious pro- 
gression with absence of any obvious exciting 
feature. It seems a far cry from the experimental 
animal with its severe local reaction following the 
administration of an inoculum containing adju- 
vants to the ordinary human case. However, 
many years ago Burky (1934) found that staphy- 
lococcal toxins might act as adjuvants in aiding 
the production of antibodies and later Cavelti 
(1947) found that killed streptococci could act as 
adjuvants. Such observations might be relevant 
in the genesis of a human auto-immune disease. 

If M.S. is in truth essentially an auto-immune 
disease and not due to a virus or an intoxication, 
E.A.E. of animals may be a useful model for the 
disease process in humans. Consideration of the 
different pictures obtained in various species 
suggests that some allergic alteration in the bio- 
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chemical characters of the small vein walls might 
be the essential change and the prominent demye- 
lination upon which so much attention has been 
lavished a secondary occurrence. 
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DISCUSSION 


Professor Lumsden challenged the statement that aller- 
gic encephalitis in the guinea-pig was essentially a 
choriomeningitis. He had never claimed that this was a 
‘demyelinating’ process in any strict sense in the 
guinea-pig but he thought all workers would agree 
that this form of encephalitis selected that part of the 
guinea-pig brain which was the equivalent of the cen- 
trum ovale in man, constantly and symmetrically, and 
_ also the white matter of the spinal cord. Grey matter 

and membranes were less constantly and selectively 
involved. The lesions appeared as a profound dis- 
turbance in the vessel walls, extending secondarily — as 
far as one could judge — into the parenchyma of the 
brain; but this occurred above all in the central white 
matter symmetrically all round the ventricular system. 
It was true, however, that there was a spill-over of in- 
flammatory cells into the pia arachnoid in places, 
quite markedly so at times. 


Dr Field agreed with Professor Lumsden that the 
major lesions in guinea-pigs were to be found in the 
white matter. Mild cases, however, commonly showed 
little more than patchy meningitis and infiltration of 
the tela choroidea. The point was that the early lesions 
were associated with the small blood vessels as a 
choriomeningitis and a vasculitis of the white matter. 
Demyelination was not a feature of the disease in the 
guinea-pig though in certain other animals this did 
occur. 


Dr J Colover (London) did not think that to obtain 
severe reactions it was necessary to use pristine or 
intact brain tissue. American workers had shown — 
and he had confirmed — that certain central nervous 
system extracts were, on a weight-for-weight basis, 


more active than dehydrated brain tissue. From this 
fact it did not seem that purification of these sub- 
stances necessarily eliminated their activity. 

His experience of the cytology of these lesions had 
been similar to that of Dr Field. He had examined 
many lesions but had seen no plasma cells. At the 
Bethesda Symposium on allergic encephalitis, in 1957, 
he had discussed this point with others, who had told 
him that plasma cells appeared only in late survivors 
of the experiments. Had Dr Field run his experiments 
over thirty days? 

He had seen necrosis in the brains of guinea-pigs 
with allergic encephalitis only when he had used un- 
heated brain tissue. With heated brain tissue he had 
never found necrotic lesions although he did see 
granulomatous lesions. 

In patients with D.S. a matter of some importance 
was the significance of the globulin content of the 
C.S.F. The y globulin seemed to be variable. Dr 
Colover exhibited two protein profiles, one from a 
patient with only a few weeks’ history and a very high 
y globulin and the other from a patient with a long 
history and a y globulin only a little raised. The expla- 
nation of such results might help to elucidate the 
nature of this disease. 


Dr Field, replying to Dr Colover, said that in his ex- 
periments abundant polymorphs had been present in 
lesions when the animal had been for some time in 
coma or had been found dead (when the ante-mortem 
state was not known). He had not seen abundant 
plasma cells even after thirty days. He thought there 
was always some loss in preparation of encephalito- 
genic materials with high specific activity. 

Professor Lumsden had referred to Steffen’s demon- 
stration of antibody to brain in the serum of patients 
with D.S. Dr Ridley and Dr Field had repeated this 
work with negative results and had been unable to 
demonstrate antibody capable of sticking to either 
normal or disseminated sclerotic brain substance in 
the spinal fluid of cases of this disease. The biological 
nature of the y globulin present in excess in C.S.F. was 
uncertain but such globulin could conceivably be de- 
rived from the breakdown of nervous tissue. 


Professor G Payling Wright said that Dr Field had 
stated that in one animal he had injected the antigen 
and adjuvant into the hind foot, and from his results it 
seemed that the subsequent lesions affected chiefly the 
hind and not the fore limbs. Could a parallel be drawn 
with neurotropic viruses and toxins, for with them the 
first signs of action appeared in the injected limb, pre- 
sumably because of their centripetal movement along 
large regional nerve trunks? In short, could Dr Field 
modify the site of his reactions in the central nervous 
system by altering the locus of his injections? 


Dr Field said that he had not studied any possible rela- 
tionship between the site of inoculation of encepha- 
litogenic mixture and the localization of lesions. 
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Electron Microscopy of the Myelin 


by J B Finean php psc (Birmingham) 


From polarized light studies W. J. Schmidt (1936) 
concluded that the myelin sheath of peripheral 
nerve fibres featured a concentric layered struc- 
ture in which thin layers of protein alternated with 
layers of radially oriented lipid molecules. The di- 
mensions of such layers were subsequently deduc- 
ed from X-ray diffraction studies of whole nerve 
(Schmitt et al. 1941). The direct visualization of 
this structural pattern was eventually accomp- 
lished by means of electron microscopy. 

The history of the identification of the myelin 
layers by electron microscopy is that individual 
myelin layers or membranes, or even piles of mem- 
branes, were probably seen in electron micro- 
graphs of fragmented nerve (Sjéstrand 1950, 
Fernandez-Moran 1950), but the detailed pattern 
could not be appreciated until it was possible to 
apply the technique to the study of thin tissue sec- 
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tions. The organization of the layers was first seen 
by Fernandez-Mordan (1950) in osmium tetroxide- 
fixed, freeze-sectioned tissue, and later with 
greater clarity in thin sections of methacrylate- 
embedded tissue by Sjéstrand (1953). The rapid 
improvement in electron microscope techniques 
that occurred about this time soon brought about 
the routine demonstration of myelin layering. 
Since then electron microscope studies of myelin 
have developed in several different directions. 
Detailed studies of the relationships between the 
myelin layers and neighbouring structures such as 
Schwann cells and axons in peripheral nerve fibres 
have led to most important findings concerning 
the process of myelination, whilst experimental 
attempts to modify the myelin layers have led to a 
better understanding of the shrinkages and den- 
sity changes introduced by the preparative tech- 
niques, and have also made important contribu- 
tions to the problem of determining the detailed 
molecular structure of the myelin layers. A start 
has also been made on more detailed analyses of 





Fig 1 Electron micrograph showing a complete cross-section of a nerve fibre in an OsO,-fixed and 
Vestopal-embedded preparation of frog sciatic nerve. x 35,000. Layers ~ 115 A. Inset x 70,000 
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the distribution and classification of nerve fibres 
in nerve trunks and also on studies of degenerat- 
ing tissue such as might be of interest in relation 
to demyelinating diseases. 


The Myelin Layers 

In the intact tissue the myelin layers are probably 
of uniform structure and regularly spaced, but in 
electron micrographs some distortion is nearly 
always evident. This involves variations in the 
layer thicknesses measured in different parts of 
the sheath and even in the detailed appearance of 
the layers. Under the best conditions a high degree 
of uniformity of layering, as is illustrated in Fig 1, 
can be obtained, but in some circumstances, such 
as the routine preparation of pathological speci- 
mens for electron microscopy, it is often difficult 
to maintain such high standards. 

From measurements made on selected areas 
showing minimum distortion most authors quote 
a figure between 110 Aand 130A for the thickness 
of the myelin layers in preparations from a wide 
variety of sources. In osmium tetroxide-fixed pre- 
parations dense lines about 30 A wide alternate 
with broad (90 to 100 A) less dense regions bisect- 
ed by a line of intermediate density which is gene- 
rally somewhat narrower than the main dense line 
but more variable in its appearance. This intra- 
period dense line is more consistently demon- 
strated in KMnO,-fixed preparations, and pro- 
longed fixation with this reagent can result in a 
similarity (in. both width and density) between 


main and intraperiod dense lines. The structure 
featuring a main dense line and a less prominent 
intraperiod dense line has come to be regarded as 
the normal appearance for electron microscopy 
of myelin. 

From a comparison of this ‘normal’ appear- 
ance with the low angle X-ray diffraction data 
derived from fresh tissue it can be seen that the 
layer thickness is considerably reduced, and it can 
also be concluded that the density variations with- 
in the structure have been modified by the pre- 
parative techniques. A detailed X-ray diffraction 
study (Fernandez-Moran & Finean 1957, Finean 
1958) of the effects on myelin structure of the pre- 
parative techniques for electron microscopy has 
specified the changes associated with each step in 
the process and confirmed the correlation between 
the myelin layers of the physiologically active 
tissue and the layers visualized in the electron 
microscope. 

The electron microscope appearance of the 
myelin layers is essentially the same for peripheral 
and central nerve tissue (Fig 2) and for a wide 
variety of mammals, birds, amphibia and fish, 
although some relatively minor differences can be 
demonstrated in the low angle diffraction patterns 
of the fresh nerve preparations (Finean 1960a). 


The Origin of the Myelin Layers 

A most important contribution to our knowledge 
of the structure of the myelin sheath that has come 
from electron microscope studies is the demon- 





Fig 2 Electron micrograph of a cross-section through a group of fibres in an OsO,-fixed 
and Araldite-embedded preparation of rat optic nerve. x 35,000. Layers~ 115 A. 
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Fig 3 Diagrammatic illustrations of the process of mye- 
lination in peripheral and central nerve fibres. a, An 
early stage in the myelination of a peripheral nerve. A 
Schwann cell (S.C.) has enveloped the axon (A) and 
spiralled around it the first double layers of membrane 
which form the myelin layers. Schwann cell nucleus 
labelled N, mitochondria, Mi. b, A portion of fully mve- 


stration that the myelin layers are derived from a 
cell membrane. This was first suggested from elec- 
tron microscope studies of developing nerve fibres 
in chick embryo where it was possible to see 
various stages of a process in which the Schwann 
cell enclosed the nerve axon in an invagination in 
its surface and then appeared to wrap layer upon 
layer of its surface membrane or, to be more pre- 
cise, double layer upon double layer (Fig 3a) 
around the axon (Geren 1954). In the fully myelin- 
ated fibres the opening out of the innermost mye- 
lin layer (the inner mesaxon) to surround the 
axon, and the connexion between the outer myelin 
layer and the Schwann cell membrane (outer 
mesaxon) remain (Fig 3b) and these were demon- 
strated by Robertson (1955) and others. 

The significance of this mechanism of myelin 
formation in relation to some features of the mye- 
lin structure was quickly appreciated. The myelin 
layer is, in fact, derived from two oppositely 
oriented layers of an asymmetric Schwann cell 
membrane (Finean 1956). The site of the main 
dense line in the myelin unit is related to the appo- 
sition of inner (cytoplasmic) surfaces of the 
Schwann cell membrane during myelin forma- 
tion; and the intraperiod dense line is similarly 





linated peripheral nerve fibre showing the outer (O.M.) 
and inner (I1.M.) mesaxons which provide evidence of 
the derivation of the myelin layers from the Schwann 
cell membrane. c, A similar section in a central nerve 
fibre showing the outer loop (L) which is suggested to 
form the link with a glial cell process 


related to the outer surface of the Schwann cell 
membrane. It is clear that the membrane is mark- 
edly asymmetric in its reaction towards the pre- 
parative techniques of electron microscopy, e.g. 
staining with osmium. In terms of normal densi- 
ties (as deduced from X-ray diffraction data) the 
difference between the two surfaces is much less 
pronounced. 

Connexions between myelin layers and cell 
membranes in the central nervous system have 
been much more difficult to demonstrate (Luse 
1956). This appears to be because the glial cells 
responsible for myelination are much less inti- 
mately associated with the individual nerve fibres 
than in the case of peripheral nerve and Schwann 
cells. However, in the optic nerves of some lower 
animals it has now been demonstrated (Maturana 
1960, Peters 1960) that the outermost layer of 
myelin Opens into a small loop (Fig 3c) which is 
actually related to the cross-section of a relatively 
narrow process emanating from a glial cell located 
some distance away. It would appear that a single 
glial cell may myelinate a number of axons in this 
way. Such loops do not appear to be so readily 
demonstrable in mammalian central nerve tissue, 
but there seems to be little doubt that something 








Fig 4 Electron micrographs showing, a, Group of un- 
myelinated fibres in an OsO,-fixed and Araldite-em- 
bedded preparation of human cutaneous nerve. x 35,000. 
A — axon, M — mesaxon, Mi — mitochondrion, SC - 
Schwann cell. b, Unmyelinated fibre in a KMnO,-fixed 
preparation of human cutaneous nerve. < 26,000. Inset: 


of this type does exist, and observations have been 
reported but so far not clearly demonstrated in 
publications. The dividing of the innermost layer 
to envelop the axon (Fig 3c) is readily observable 
in electron micrographs of central nerve fibres 
(Fernandez-Moran & Finean 1957) and the ob- 
servation leaves little doubt that the process of 
myelination in all central fibres is essentially as 
described above. 


The so-called unmyelinated fibres of the peri- 
pheral nerves also feature axons which are en- 
closed in invaginations in the Schwann cell surface 
(Gasser 1955, Robertson 19585), but in this case 
there is only a single membrane layer around each 
axon and several axons may be enclosed in differ- 
ent invaginations in the surface of one Schwann 
cell (Fig 4). An interesting feature of such inter- 
actions as pictured in electron microscopy is that 
where Schwann cell surface and axon are apposed, 
and also when Schwann cell surfaces come to- 
gether to form a mesaxon, the dense lines (double 
contoured lines in KMnO,- fixed preparations; 
Fig 4b — inset) featured in the two surfaces remain 
separated by a region of low density which is 
about 150A thick (Robertson 1957a, b).There is 
some evidence that this layer is highly hydrated 


high magnification (x 140,000) showing detail of structure 
at the site of apposition of axon and Schwann cell mem- 
branes. Note the doubling of the dense lines (~ 75 A unit 
membrane) and the wide region(~ 150 A) of low density 
separating them at the cell interface. A — axon, M - 
mesaxon, SC — Schwann cell 


and is eliminated during the process of myelin- 
ation, but there remains some uncertainty as to 
whether or not it should be considered part of the 
cell surface. Another point to note is that if myelin 
is to be equated with Schwann cell membrane then 
even these ‘unmyelinated’ fibres contain a small 
amount of myelin. 


Nodes (of Ranvier) 

The structural arrangement at the nodes of 
Ranvier in peripheral nerves is essentially that of 
a boundary between adjacent sections of myelin 
laid down by different Schwann cells. In longitu- 
dinal section (Robertson 1956, Uzman & 
Nogueira-Graf 1957) the layers of myelin are 
seen to get progressively longer (in the direction 
of the fibre axis) as they go out from the axon sur- 
face. In this way successive layers overhang each 
other and it is the outer layers that approach each 
other at the nodes of Ranvier. In some cases the 
adjacent segments of myelin have been observed 
to fail to maintain contact with each other and 
thus to leave a part of the axon bare, whilst in 
others the nodal region has been found to be 
invaded by a number of finger-like processes, pre- 
sumably from the Schwann cells, which inter- 
digitate to cover the axon surface. 
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Fig 5 Electron micrographs showing several modifications of myelin layering which 
were encountered in a study of the dehydration of peripheral nerves. x 140,000 


As might be expected from the method of myelin 
formation, features similar to those of the nodes 
of Ranvier are observed also in the central ner- 
vous system (Uzman & Villegas 1960) but owing 
to the closer packing of the myelinated fibres and 
the distant association of the satellite (myelin- 
ating) cell they are not sufficiently pronounced to 
be observable in the light microscope. 


Schmidt-Lanterman Clefts or Incisures 

From electron microscope studies, Robertson 
(1958a) described these structures as shearing 
defects in the myelin sheath. There is no clean 
break at the cleft; the myelin layers continue 
unbroken but are simply sheared apart over a 
short distance. 


Experimental Modifications of the Myelin 

Once a reliable routine demonstration of myelin 
layers of relatively constant characteristics had 
been achieved it was possible to attempt to intro- 
duce experimental modifications of the myelin in 
order to ascertain the chemical and physico- 
chemical derivation of the features seen in the 


electron micrographs. From a preliminary elec- 
tron microscope and X-ray diffraction study of a 
number of types of modification of the myelin 
layers, Fernandez-Moran & Finean (1957) con- 
cluded that the conditions which led to variations 
in the appearance of the intraperiod dense line 
were such as to suggest that the site of this line 
corresponded to an ionic region such as a lipo- 
protein interface rather than to a region of un- 
saturation in lipid chains. In a subsequent more 
detailed electron microscope study of the process 
of dehydration of the myelin Finean (1960/, c) 
obtained further support for the idea that the 
intraperiod dense line represented a region of 
ionic groups and of hydration ir. the original 
tissue. This experimental series produced remark- 
able variations in the appearance of the myelin 
layers some of which are illustrated in Fig 5. A 
complete interpretation of these results has not 
yet been possible, but it is already clear that 
virtually any treatment which affects the ionic 
conditions in myelin leads to a molecular re- 
arrangement within the structure which produces 
inhomogeneities within the myelin layers without, 
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Fig 6 Electron micrographs obtained from an OsO,-fixed and Araldite-embedded preparation of 
cutaneous nerve from a patient suffering from a neuromuscular disorder: This preparation shows 
some evidence of demyelination and remyelination. a, A low magnification (6,000) picture of the 
tissue. Note the numerous low density regions which surround large axons (A). b, A high magnifica- 
tion ( x 35,000) picture of a sparsely myelinated axon situated in a low density region. A - axon, 


OM - outer mesaxon 
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however, leading to their disruption. Such results 
may well have far-reaching implications in rela- 
tion to fluctuations in membrane properties. 


A specific structural point deduced from studies 
of myelin treated with hypotonic solutions 
(Robertson 19585) was that the site of the intra- 
period dense line was readily hydrated and indeed 
was split open by water, but that the main dense 
line was apparently not affected by ionic condi- 
tions. Such experiments, in addition to providing 
useful information relating to the probable 
chemical interpretation of the electron micro- 
graphs, also give some indications of factors 
affecting membrane stability which may be of 
value in relation to the process of demyelination 
and perhaps to other pathological changes in the 
myelin structure. 


Studies of Human Tissue 

Studies of direct clinical interest are only just 
beginning to be reported, but in the context of 
this Symposium there is some justification for 
mentioning preliminary work relating to myelin 
in human nerves and that relating to the process 
of demyelination. 

It has proved relatively easy to obtain good 
preparations of human peripheral nerve taken at 
biopsy, and in press at the moment is a paper 
(Finean & Woolf 1961) by myself and Dr Woolf 
of the Midland Centre for Neurosurgery giving 
preliminary results of a study of a selection from 
75 sensory nerve preparations taken from people 
suffering from neuromuscular disorders. The 
general picture of myelinated tissue is exactly the 
same as that derived from other mammals. The 
myelin layers appear to be identical, and the pro- 
cess of myelination is obviously similar to that 
already described. We have seen no significant 
modifications in the appearance of the myelin 
layers, but there are great variations in the extent 
of myelination which are readily correlated in a 
general way with the clinical condition of the 
patient. Some preparations from adult tissue have 
shown very few myelinated fibres and some none 
at all, but unmyelinated fibres have remained 
numerous. Now that we can study the morpho- 
logical detail of the interactions between axons 
and Schwann cells throughout the tissue it may be 
possible to attempt some classification of the 
fibres which might be of value in detecting abnor- 
malities. However, the interactions show a very 
great variety of form and the task of classification 
in detail is a formidable one. So far it has been 
possible to make only a few general points con- 
cerning this interaction. The first is that when 
myelination takes place it usually involves one 
axon and one Schwann cell. Only one or two 
exceptions have yet been encountered. The con- 
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verse is, however, not established. In adult fibres 
there are invariably many examples of unmyeli- 
nated fibres involving one axon and one Schwann 
cell, and no evidence that myelination will ever 
occur. Consequently, in cases where we have 
found a complete absence of myelination, the fact 
that some single axon-Schwann cell interactions 
are to be observed, does not mean that these are 
the fibres that would be expected to myelinate but 
have failed to do so. There is at the moment no 
way of deciding whether the fibres that would 
normally be myelinated are present at all in these 
preparations. It will clearly be necessary to make 
a more systematic analysis of the composition of 
the nerve trunk and to achieve some kind of 
correlation with the various functions served by 
the individual nerve fibres before morphological 
defects of pathological significance c. be identi- 
fied at the level of resolution now available. 


We have also made some preliminary electron 
microscope studies of human spinal cord but the 
standard of preparation so far achieved with post- 
mortem material has been well below the standard 
we achieve with other mammals. However, these 
preparations have confirmed that the general 
arrangement of fibres and the appearance of the 
myelin layers are essentially similar to previous 
findings relating to other species, but it has not 
yet been possible to attempt any detailed analysis 
of the tissue. 


Myelin Degeneration 

The initiations of a number of electron micro- 
scope studies of demyelination processes have 
been reported but so far few detailed results have 
been published. Fernandez-Moran (1959) report- 
ed a granulation of the main dense line and a dis- 
appearance of the intraperiod dense line from the 
myelin layers in peripheral nerve preparations 
which had been allowed to undergo wallerian 
degeneration for several days, but little evidence 
was presented. Webster & Spiro (1960) have also 
published some preliminaries to a study of experi- 
mental demyelination but the first publication 
was confined to a description of the variations of 
form among the myelinated fibres of normal pre- 
parations. 


Our own studies of biopsy preparations of 
human cutaneous nerve have led to the tentative 
recognition of sites of demyelination, but we have 
not yet clearly recognized intermediate stages in 
the demyelinating process. Fig 6a is a low magni- 
fication electron micrograph of a preparation 
from a patient suffering from an obscure, slowly 
progressive, peripheral neuropathy. A notable 
feature of such micrographs is the number of 
relatively large axons (examples labelled A in 
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Fig 6) occurring in regions of unusually low den- 
sity. The general size and distribution of such 
regions is similar to that of myelinated fibres in 
normal tissue, and these may be areas in which 
demyelination has occurred. In one or two such 
areas axons are surrounded by a few layers of 
myelin but these are probably examples of re- 
myelination rather than intermediate stages of 
demyelination. 


An electron microscope study of experimental 
demyelination in the central nervous system has 
recently been published by Bunge et al. (1960). 
Demyelination was induced in cat spinal cord by 
a repeated withdrawal and reinjection of cerebro- 
spinal fluid. Preparations made within a few days 
of producing the experimental lesion showed a 
general loosening and final disintegration of the 
myelin layers, but the authors gave no informa- 
tion relating to the precise locations in the myelin 
layers at which the loosening commenced. From a 
consideration of such information in relation to 
studies of direct experimental modifications of 
myelin it might be possible to suggest what 
physical or chemical conditions could be respon- 
sible for this disintegrating effect. A remarkable 
feature of this study was the demonstration of a 
remyelination of some of these central nerve 
fibres within seven days after the production of 
the lesion. The process of remyelination appeared 
essentially normal although it was suggested that 
macroglial rather than oligodendroglial cells were 
responsible. 


The potentialities of the electron microscope 
techniques in relation to the study of demyelinat- 
ing diseases are clearly demonstrated but there is 
still a lack of systematic analyses of nerve tissue 
at high resolution such as will be required if 
abnormalities other than those which would be 


recognized equally well by light microscopy are to 
be detected. 
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The Metabolism of Myelin 
by Professor G Payling Wright DM FRCP (London) 


Among the many questions posed by multiple 
sclerosis and other comparable demyelinating dis- 
eases, one that is crucial for our ideas on their 
pathogenesis is the durability of normal myelin 
sheaths in the mature central nervous system. 
Once they are laid down, do these sheaths have 
little metabolism and a long persistence, com- 
parable, for example, with the persistence found 
by Neuberger for collagen fibres in adult animals? 
Or do they ordinarily need constant maintenance 
throughout life — a kind of unceasing running 
repair — undertaken uninterruptedly by the neuro- 
glial cells that originally took part in their deposi- 
tion? If constant maintenance is required the loss 
of the myelin sheaths in these diseases might 
result from some metabolic failure of these 
specialized cells. On the other hand, if the sheaths 
are normally a stable component of the nervous 
system their loss must be accounted for in some 
other way — possibly through an attack by some 
lytic agent that reaches them from their outer sur- 
face. Evidence that might lend weight to one or 
other of these possibilities could also prove of 
value in suggesting further lines of experiment de- 
signed to throw light on the pathogenesis of the 
process of demyelination. 


The biophysical studies carried out with X-ray 
diffraction methods and with electron microscopy, 
discussed by Dr Finean, have shown that the mye- 
lin sheath is not a mere lipid tubular envelope for 
the nerve fibre, but that it possesses an elaborate 
internal molecular structure reminiscent of the 
interfacial lipid films studied by Langmuir & 
Adams. The regular arrangement and close align- 
ment of the constituent protein and lipid mole- 
cules, together with the low concentration of ‘free 
water’, all suggest an absence of that freedom for 
molecular movement under thermal forces which 
is needed for rapid anabolic or catabolic transfor- 
mations. These ideas were in the minds of my 
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colleagues Dr Davison, Dr Dobbing and Mr 
Morgan and myself when we began studies some 
years ago on the metabolic behaviour of some of 
the better defined constituents of myelin. 

The first consideration that governed our 
approach to the problem was that we felt it essen- 
tial to employ some substance which fulfilled 
three criteria: (1) That it could be marked iso- 
topically; (2) that it was either a known con- 
stituent, or thought to be a precursor of some 
constituent, of myelin; and (3) that it could be 
recovered quantitatively from the brain and other 
organs of our animals and estimated with accu- 
racy. The second and more physiological con- 
sideration was that these substances should be 
administered to the animals while they are still 
very immature, so that the substances we were 
introducing should be readily available in the 
body during the time when the myelin sheaths 
were in process of formation. 

Our first, and rather exploratory, experiments 
were made on chickens, and we selected 4C- 
labelled cholesterol for administration, partly 
because of the relatively high concentration of 
cholesterol in myelin, and partly because it can be 
recovered from extracts of brain and estimated 
readily as the insoluble digitonide. The radio- 
active cholesterol was injected directly into the 
yolk sac on the day after hatching, and if the 
young birds are merely given water freely, the in- 
jected cholesterol is soon absorbed together with 
the other contents of the sac. At the time of injec- 
tion, the chicken’s brain weighs rather less than 
1 gram and contains about 7 mg of cholesterol; 
six weeks later, the brain has tripled in weight and 
the amount of its cholesterol has increased five 
times. Throughout this period, myelination has 
been taking place actively in the central nervous 
system. 

When a series of such chickens was examined 
after the lapse of varying intervals of time, it was 
possible to extract the cholesterol from their 
organs and determine how much of it was present 
in the radioactive form (Davison, Dobbing, 
Morgan & Payling Wright 1958). By the end of 
the first few days, the radioactivity of the choles- 
terol recovered from both the brain and the liver 
was high, but after it had reached this maximum, 
the radioactivity in both organs began to decline 
(Fig 1). The subsequent courses of the analyses for 
the two organs, however, showed a significant 
difference, for whereas the cholesterol disappeared 
quickly from the liver — little remaining after three 
months — that in the brain came down asympto- 
tically to a level at which it remained with little 
sign of falling further during the ensuing twelve 
months. The disappearance of the cholesterol 
from the liver is in accordance with what is known 
of the ordinary metabolic pathway of this sterol. 
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Fig 1 Peisistence of labelled cholesterol in brain, liver 
and plasma following the injection of *C-cholesterol 
into one-day-old chicks 


On the other hand, the early fall, succeeded by 
the later stabilization of the cholesterol in the 
brain, suggested that some part of this substance 
might have found a place outside the normal 
metabolic route. 

Our estimates of the persistence of radioactive 
cholesterol in the brains of these chickens long 
after they had grown into mature fowls were con- 
fined to overall evaluations of its deposition and 
disposal in the central nervous system. Since 
cholesterol is an important constituent of cells as 
well as of myelin, it is not possible to separate 
any differing rates of turnover in these two tissue 
elements. Were it possible to dissociate the myelin 
from the cells, however, the cholesterol might be 
found to persist much longer in the myelin than 
in the cells. 

In our second series of experiments, we re- 
peated these observations on young rabbits, a 
species in which, as Edgar has shown, myelina- 
tion in the brain proceeds for at least four months 
after birth (Davison, Dobbing, Morgan & Payling 
Wright 1959). This change of species offered 
advantages in two ways: first, it supplemented the 
previous results on chickens with comparable 
ones On a mammal - a matter of importance in 
view of the differing forms of lipid metabolism in 
birds and mammals; and second, it enabled us to 
take advantage of the larger brain of the rabbit 
to find out whether there were differences in 
cholesterol retention in the grey and white 
matters. At the same time, we extended the scope 
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of the experiments by following the changes in the 
amounts of radioactive cholesterol in three major 
organs, the liver, heart and kidneys, in addition to 
those in the spinal cord and in the grey and white 
matters of the brain. 

In these experiments on rabbits the central 
nervous system again proved to be an exception 
among the four organs examined (Fig 2). As with 
the chickens, the amount of radioactive choles- 
terol in the brain rose quickly to a maximum and 
then declined over the following months to reach 
a more or less stable level at about two hundred 
days. In the spinal cord the amount of radioactive 
cholesterol hardly changed throughout the year 
of the experiment. In both parts of the central 
nervous system this labelled substance remained, 
in what appeared to be steady amounts, long after 
it had disappeared from the plasma, liver, heart 
and kidneys. 

For the first few months the labelled cholesterol 
in the brain fell gradually, but during the later six 
months of the experimental period, its rate of 
decline was much slower and it seemed that it 
might eventually cease at some stable value. This 
result becomes more understandable when the 
radioactivities of the grey and the white matters 
are determined separately. When this distinction 
is made, it seems that the decline of the labelled 

‘ cholesterol in the two parts of the brain follows 
different courses (Fig 3). That in the white matter 
falls little throughout the whole twelve months of 
the study, whereas that in the grey matter seems to 
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Fig 2 Persistence of labelled cholesterol in brain, spinal 
cord, liver, kidney, heart and plasma following the injec- 
tion of ‘*C-cholesterol into 18-day-old rabbits 
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Fig 3 Persistence of radioactivity in the grey and white 
matters of the brain following the injection of 14C- 
cholesterol into 18-day-old rabbits 


take place in two stages: in the former, which 
lasts for the first six months, it occurs steadily 
though at a decreasing tempo, while in the latter 
it differs little from what is found in the white 
matter throughout the entire year. Two features 
of white matter, its lower metabolic activity and 
its higher content of myelinated fibres, suggest 
that this eventual stabilization may depend on the 
persistence of the labelled cholesterol that was 
deposited in the myelin sheaths during the early 
days of the experiment. 

It may reasonably be questioned whether the 
persistence of radioactive carbon in the brain 
necessarily implied the persistence of the same 
cholesterol molecules that had been given to the 
animals. There could be no doubt that the radio- 
activity that we measured came from the choles- 
terol and not from any other organic material 
present in the brain extracts, for no other con- 
stituent of these extracts would be precipitated as 
the digitonide. But it was less certain that these 
final cholesterol molecules were among those 
originally injected and were not new ones that 
had been synthesized by the animal from radio- 
active fragments created by the catabolic degrada- 
tion of the original material. In view of what is 
known about cholesterol metabolism this possibi- 
lity seemed remote, but we felt that the evidence 
for persistence would be more convincing if it 
were possible to show that not only was the ex- 
tracted cholesterol itself radioactive but also that 
its radioactivity was due to a #4C atom in the 
same position in the molecule as in the original 
material. 

The cholesterol used for injection was specific- 
ally labelled by a radioactive carbon atom at 
position four on ring A. Our task of identification 
was much simplified by the fact that Windaus had 
shown that it is possible to remove this particular 
atom from a cholesterol molecule by mild oxida- 
tion without otherwise disrupting its main skele- 
ton. Davison & Wajda (1959a) applied this identi- 
fication test to the radioactive cholesterol that had 
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Fig 4 Specific loss of radioactivity at carbon atom four 
after the chemical degradation of (4—*C) cholesterol 
recovered from rabbit’s brain one year after injection 


been recovered from the brains of chickens and 
rabbits which had been given specifically labelled 
cholesterol more than a year before. When this 
cholesterol, after remaining for this period in the 
animal’s brain, was oxidized by Windaus’s 
method, the residual keto-acid possessed no sig- 
nificant radioactivity (Fig 4). Thus in both the in- 
jected and in the recovered cholesterol, the radio- 
active marker atom was in the same position in 
the molecule, and it is difficult, therefore, to 
escape the conclusion that this sterol undergoes 
no internal turnover once it is deposited in the 
central nervous system. In short, the radioactive 
cholesterol molecules that were present in the 
adult were among those injected into it when an 
immature animal more than a year before. 


Although cholesterol has notable advantages in 


any experiments designed to study the metabolic 
turnover of myelin, the fact that it is present in 
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Fig 5 Pathways followed by serine in the anabolism of 
the myelin lipids 
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many constituents of the cells in the brain as well 
as in the nerve sheaths inevitably complicates the 
interpretation of the analytical results obtained. 
It was for this reason that my colleagues and I 
decided to supplement our studies on cholesterol 
with others of a similar kind on cerebrosides. 
These compounds have two features in their 
favour: first, that they are present in large 
amounts in the mature central nervous system — 
indeed, after cholesterol, they are believed to form 


the largest lipid fraction of the myelin sheath — and 
second, that their concentration in cells is small. 

In contrast to our study with cholesterol, in 
which this substance was introduced in an already 
marked form, our method of attaching a label to 
the cerebroside was indirect. It has been found 
that the simple three carbon atom chain amino- 
acid serine can provide the starting material for 
the synthesis of a number of more complex sub- 
stances, among them the nitrogenous base 
sphingosine which forms part of the cerebroside 
molecule (Fig 5). By injecting serine marked with 
radioactive carbon into immature animals, it be- 
comes possible to label the cerebrosides that are 
laid down during the formation of their myelin 
sheaths. 

The separation of the cerebrosides from other 
substances in chloroform-methanol extracts of the 
central nervous system poses problems of much 
greater technical difficulty than those set by 
cholesterol, and the success of our experiments 
has only been made possible by the methods of 
chromatographic separation of these lipids on an 
alumina column that have been developed by 
Davison & Wajda (1959d). Employing this tech- 
nique, they found it possible to obtain, almost 
quantitatively, preparations of brain cerebrosides 
which, when analysed for galactose, nitrogen, pri- 
mary amine after hydrolysis, choline and phos- 
phorus, were found to be almost devoid of other 
lipid contaminants. Once prepared, the estima- 
tion of the radioactivity of the cerebroside by 
scintillation counting was straightforward. 

When radioactive serine is injected intraperi- 
tonealiy into immature rabbits its breakdown 
products are quickly incorporated into the lipids 
of the brain. By the third day, the radioactive 
cerebrosides reach an amount from which they 
deviate little during the following six months dur- 
ing which the experiment lasted (Davison, 
Morgan, Wajda & Payling Wright 1959). Indeed, 
the mean value of the amounts of labelled cere- 
brosides recovered from animals during the 
second three months of this period hardly differs 
from that for the first three months (Fig 6). 

Cerebrosides are perhaps the most distinctive 
of all the myelin lipids and their persistence in un- 
diminished amounts over a period that takes the 
rabbit from a state of immaturity to one in which 
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Fig 6 Persistence of radioactivity in various myelin 
lipids recovered from the brain following the injection of 
(3—*4C) serine into 11-day-old rabbits 


myelination is complete is fully in line with the 
findings in the earlier experiments with choles- 
terol. It seems that these two lipid constituents of 
myelin undergo little if any turnover in normal 
animals. In a structure so intrinsically elaborate 
as the laminated myelin sheath it is difficult to 
suppose that some of its molecules could ordin- 
arily be abstracted and replaced at frequent inter- 
vals without some dislocation of its architecture. 
It seems justifiable, therefore, to infer that in 
health the myelin sheath in its entirety is a stable 
tissue element with little or no evidence of 
metabolic turnover. 

One of the main purposes of a symposium is 
lost if its participants confine themselves wholly 
to established findings and pay no regard to such 
conjectures as the work may suggest. If the myelin 
sheaths are such stable tissue elements, then their 
dissolution in multiple sclerosis would seem to 
suggest that some attack has been made upon 
them from their immediate surroundings. If this 
speculation is justifiable, two considerations at 
once attract attention: (1) What could be the 
nature of any such potentially myelinolytic agent, 
whether a foreign or a natural product? (2) What 
sort of material immediately surrounds the 
sheaths which could provide access for such an 
agent? The former will be discussed by Professor 
Thompson. I shall confine myself to a discussion 
of the second point. 

Of the many questions that are awaiting 
answer for progress in neuropathology few are 
more urgent than whether or not the central ner- 
vous system possesses, as do all other organs, a 
tissue fluid in which all its elements are immersed. 
On this fundamental matter, which has regrettably 
failed to attract as much interest from physiolo- 
gists as its nature demands, opinions derived 
from two invaluable technical methods are dia- 
metrically at variance. The electron microscopists 
have almost unanimously rejected the idea of such 
a fluid, though recently one or two have made 


some very limited, almost grudging, concessions. 
Pharmacologists, studying the distribution of 
such substances as thiocyanate and sodium, have 
supposed the existence of a tissue space that 
occupies from a quarter to a third of the brain. If 
the latter view is correct it would be possible for 
any myelinolytic agent, irrespective of whether it 
was produced locally or escaped from nearby 
blood vessels, to approach the sheaths through 
the fluid that presumably surrounds them. On the 
other hand, if the picture presented by electron 
microscopy is the correct one, it seems that the 
injurious agent must be formed in the cytoplasm 
of the enveloping glial cells that are believed to be 
in contact with them. 

This doubt — whether there is a tissue fluid in 
the brain — exemplifies the drawbacks that are in- 
escapably associated with our present fragmen- 
tary attacks on the complex problems of diseases 
of the central nervous system. Progress in neuro- 
pathogenesis will inevitably be retarded unless 
answers to some of these questions can be pro- 
vided by investigators in other conventional fields 
of medical science. This is unlikely to happen un- 
less the proponents of one method compare their 
findings and conclusions with those obtained by 
other procedures. 
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Myelinolytic Mechanisms 
by Professor R H S Thompson pM (London) 


In considering the pathogenesis of multiple 
sclerosis one is at once brought up against the 
problem of the biochemical mechanism involved 
in the development in the central nervous system 
of localized areas of demyelination. One view, put 
forward many years ago (Marburg 1906), is that 
the demyelinated plaques may be the outcome of 
the local action of some substance causing a 
direct breakdown or lysis of some component of 
the myelin sheath. This ‘myelinolytic’ theory im- 
mediately poses, however, the further question as 
to the chemical nature of such a hypothetical 
lytic substance. 

Since the chief chemicai components of the 
myelin sheath are protein and lipid, abnormal 
breakdown of these components by a hydrolytic 
enzyme, a proteinase or a lipase, is one possi- 
bility. A further possibility would be that cell 
lysis and solubilization of myelin might be 
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initiated by some surface-active, lytic substance, 
non-enzymic in nature, such as lysolecithin or 
some other lysophosphatide, or even by a long- 
chain fatty acid such as the 11, 12-octadecenoic 
acid which was shown by Laser (1949) to be 
present in considerable amounts in brain and to 
be actively hemolytic. 

We have, over the past few years, been studying 
the brain in the hope of identifying substances that 
might, under pathological conditions, exert lytic 
effects, and so might possibly play a part in initiat- 
ing the process of demyelination. Our belief in the 
value of this approach has recently been greatly 
strengthened by the results recently obtained by 
Professor Payling Wright and his colleagues in 
their study of the turnover of various myelin com- 
ponents. They have shown that the injection of 
14C-Jabelled cholesterol into developing chicks, at 
a time when myelination is proceeding rapidly, is 
followed by the persistence of this labelled choles- 
terol in the brain for long periods of time, in con- 
trast to its relatively rapid disappearance from 
other tissues, such as the liver, kidney or heart 
(Davison et ai. 1958). Furthermore, radioactive 
serine, a precursor of sphingosine, has been shown 
to persist with only little change in the sphingo- 
myelin and cerebroside fractions of the brain 
lipids for up to nearly 200 days (Davison et al. 
1959) while **P-labelled phosphate, when once 
incorporated into brain lipids, shows also only a 
very slow fall (Davison & Dobbing 1958). 

From this and other work it has been con- 
cluded that myelin, when once laid down, persists 
with little change over long periods of time. That 
is to say, once myelination of a tract is complete, 
the components of those myelin sheaths appear to 
be stable and not to be taking part in any active 
‘turnover’ process involving their continued 
breakdown and resynthesis. If this is so, and there 
is considerable evidence in support of it, then 
interference with myelin synthesis in already mye- 
linated tracts becomes unlikely, and it is more 
likely that demyelination arises as a result of some 
locally released or locally acting myelinolytic 
agent bringing about degradation of the meta- 
bolically stable proteolipid layers of the myelin 
sheath. 

Numerous attempts have been made in the past 
to demonstrate the presence of such substances in 
the body fluids of patients with multiple sclerosis 
(Weil et al. 1935, Weil & Heilbrunn 1941, 
Birkmayer & Neumayer 1957, Wolfgram & Rose 
1958). The methods used for the detection of these 
neurolytic substances have not, however, been 
conclusive, since they have involved in most cases 
long periods of incubation of nervous tissue with 
the fluids under investigation, up to 72 hours in 
some cases, followed by histological staining for 
myelin. Despite this, it has on more than one 
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occasion been claimed that both the C.S.F. and 
the serum from patients with multiple sclerosis 
can cause in vitro demyelination of nervous tissue, 
whereas exposure of such tissue to C.S.F. or 
serum from normal subjects has no or only 
minimal effect. 

Turning to specific chemical substances known 
to be cytolytic, at least towards red blood cells, it 
has been shown experimentally both by Morrison 
& Zamecnik (1950) in America and by Birkmayer 
& Neumayer (1957) in Vienna that both lyso- 
lecithin and phospholipase A, the enzyme that 
forms lysolecithin from lecithin, can in vitro 
cause demyelinating changes in central nervous 
tissue. And it has been suggested by these groups 
of workers and also by Debuch (1957) that the 
formation or release of lysolecithin or other lyso- 
phosphatide may play a part in the pathogenesis 
of the plaques of multiple sclerosis. We have 
therefore recently centred our attention upon a 
study of lysolecithin and the enzymes concerned 
in its formation and destruction, in order to 
examine in more detail the action that such sub- 
stances may have on nervous tissue, and secondly 
to determine the extent to which such substances 
may be present in the normal brain. 

The ability of lysolecithin to solubilize myelin 
and to bring about lysis of the various types of 
cell found in the brain has been demonstrated 
(Webster 1957). 

Further evidence that small amounts of lyso- 
lecithin or phospholipase can rapidly damage cell 
membranes sufficiently to allow the outward 
diffusion and escape of intracellular protein mole- 
cules was obtained by measuring the outflow from 
brain slices into the fluid in which they were sus- 
pended of an intracellular enzyme, glutamic- 
oxaloacetic transaminase (McArdle et a/. 1960). In 
these experiments the released glutamic-oxalo- 
acetic transaminase was used as an index of cell 
membrane damage in the same way that the 
release of hemoglobin from within red blood 
cells is used as an index of hemolysis. It will be 
seen (Table 1) that both lysolecithin and phospho- 


Table 1 

Release of glutamic-oxaloacetic transaminase (G.O.T.) from rat 
brain slices brought about by incubation with lysolecithin or 
phospholipase A 





G.O.T. activity (as wmoles oxaloacetate 
formed|/g tissue/h) present in incubation 
medium after exposure to: 


Incubation Lysolecithin Phospholipase A 
time (nin) Nil (6 x 10-*M) (167 wa/ml) 

10 204 (2) 1,390 (2) _ 755 (1) 

20 326 (8) 1,395 (3) 987 (3) 

60 353 (4) 1,593 (2) 1,437 (2) 
120 390 (7) - 1,771 (4) 





Mean total activity present in rat brain slices = 2,145 umoles/g/h 
(22). The numbers in brackets indicate the number of experiments 
done. 
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lipase A cause a very extensive outflow of this 
intracellular enzyme even within ten minutes of 
their addition to the system. 


Table 2 


Release of cholinesterase (ChE) from rat brain slices by incubation 
for 30 minutes at 38° C with lysolecithin 





Percentage of total ChE released into 
solution by the listed concentration of 


lysolecithin 
0 1-2 6-0 18 x 10-"M 
lysolecithin 
True ChE 3 18 34 52 
Pseudo-ChE 6 21 48 64 





In addition to this release of transaminase we 
have shown that both true and pseudo-cholines- 
terase also escape from brain slices (Table 2) 
under the influence of lysolecithin (Marples et al. 
1959). 

From these results it seems clear that if phos- 
pholipase A or free lysolecithin were to gain 
access to nervous tissue, both solubilization of 
myelin and lysis of both nerve and glial cells 
might be expected. Moreover, we have shown 
that the cell lysis causes the release of a number of 
hydrolytic enzymes in a fully active state. In addi- 
tion to the enzymes mentioned above alkaline 
phosphatase and a proteinase are also fully active 
in brain homogenates after ‘clearing’ with lyso- 
lecithin. These enzymes, after their release from 
their normal intracellular locations, might 
possibly play a part in prolonging and extending 
the local destructive action brought about 
originally by the added lysolecithin. 

It seemed desirable therefore next to determine 
whether lysolecithin is a normal component of 
brain tissue. If this were so, then its excessive for- 
mation, or altered metabolism, might be expected, 
in view of its known cytolytic and solubilizing 
properties, to give rise to damage. 

The presence of lysolecithin in lipid extracts ofa 
number of mammalian tissues other than brain 
has recently been reported. It is not yet clear in all 
these cases whether it is formed during the 
chemical manipulations from the breakdown of 
other lipids, such as the lecithins or choline-con- 
taining plasmalogens, or whether it is a true com- 
ponent of the tissue in vivo. If indeed the latter is 
true one would expect that it might exist in some 
‘bound’ form, in a complex perhaps with some 
other component of cell membranes. 

Its presence in lipid extracts of brain had not, 
however, been described, although in 1932 
Pighini in Italy had obtained a fraction from 
human brain which, both from its solubility prop- 
erties and its biological actions, appeared to re- 
semble a lysophosphatide. Dr Niemiro, Dr 
Webster and I therefore set about to reinvestigate 





Pighini’s work, using more modern chromato- 
graphic methods for the separation of lysolecithin. 

By means of chromatography on alumina 
columns, followed by chromatography on silicic 
acid-impregnated papers, we have regularly been 
able to demonstrate the presence of a substance 
which we have now identified as lysolecithin in 
total lipid extracts of both rat and human brain 
(Thompson ef a/. 1960). If this substance, after 
separation from the other more rapidly moving 
choline-containing phosphatides, is eluted from 
the paper, it is found to be hemolytic, and also to 
give the analytical data expected of lysolecithin, 
the ratios of P : choline : fatty acid in the mole- 
cule being close to 1 : 1 :1 (Table 3). Confirm- 
atory evidence of a preliminary nature that this 
substance is lysolecithin has also been obtained by 
infra-red spectroscopy, carried out by Dr WLG 
Gent in the Biochemistry Department at Guy’s 
Hospital Medical School. From the data given in 
Table 3 it will be seen that we have identified lyso- 


Table 3 


Analytical data on the lysolecithin extracted from brain 





Molar ratios 








Alkali- 
Total labile Fatty 
Tissue P lipid P Choline acid 
Rat brain 1 0:93 0-98 1-00 
1 0:97 1-00 1-00 
1 1-06 0-99 0-94 


Human brain 
(post-operative) 1 0-87 1-02 - 
Post-mortem 


human brain 1 0-96 0-85 0-90 
1 1-00 1-05 1-06 
1 0-95 1-01 1-06 
1 1-05 1-02 1-08 
1 1-02 1-04 1-07 

Plaque tissue from 

brain of case of 

multiple sclerosis 1 1-03 1-01 - 





lecithin in lipid extracts obtained from rat brain 
(extracted within three minutes of killing the 
animals), in a post-operative specimen of human 
frontal grey matter (kindly provided by Mr 
Wylie McKissock), in post-mortem human grey 
matter, and also in plaque tissue dissected from 
the brain from a case of multiple sclerosis. 
Although we are still working on this problem, 
we feel that we have sufficient evidence to indicate 
that this lysolecithin is probably a physiological 
component of our lipid extracts of brain and 
is not formed solely by breakdown of other lipids 
in our extracts. We have not yet put these initial 
observations on a. firm quantitative basis, but 
from the results which we have so far obtained 
there seems to be about 0-5-2 mg lysolecithin/g 
fresh brain tissue, i.e. it would correspond to 
about 10-20% of the lecithin content of brain. 
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In view of these findings it is of interest to 
know whether brain tissue also contains the 
enzyme phospholipase A, which can form lyso- 
lecithin from lecithin, and the phospholipase B, 
which breaks down lysolecithin to glycerylphos- 
phorylcholine and free fatty acid. 


Phospholipase B is certainly present in human 
brain (Marples & Thompson 1960), although the 
activity is only a very small fraction of that 
present in certain other tissues such as lung, intes- 
tine, liver and spleen. In brain the enzyme appears 
to be present almost exclusively in the grey 
matter. 


Phospholipase A activity in the nervous system, 
as far as we have been able to discover, has not as 
yet been described. Dr Magee and I are now 
studying the distribution of this enzyme using an 
assay system suitable for application to mamma- 
lian tissues (Magee & Thompson 1960). This 
work is still in its very early stages, but pre- 
liminary experiments appear to indicate that rat 
brain contains a low level of phospholipase A 
activity. It must be remembered that breakdown 
of lecithin by phospholipase A activity is not the 
only possible pathway of lysolecithin formation; 
direct biosynthesis, possibly as a precursor of 
lecithin, is also possible. 


We feel that we now have cvidence indicating 
the possible presence in brain of a potentially 
lytic, solubilizing substance, lysolecithin. Whether 
release of this substance, or a disorder of the 
enzyme systems responsible for its formation or 
removal, is in any way connected with the demye- 
lination process is at present unknown, but we 
are hoping, after putting our observations in the 
normal brain on a more quantitative basis, to 
extend this approach to a study of the nervous 
system in allergic encephalomyelitis, and if only 
material can be obtained, to examine the nervous 
system from cases of multiple sclerosis. 


Acknowledgments: 1 am indebted to the Athlone 
Press for permission to reproduce Tables | and 2. 
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DISCUSSION 


Dr H Bauer (Hamburg, Germany) said that he and his 
colleagues using Wieme’s agar technique of electro- 
phoresis had tried to find out which protein fractions 
from brain homogenates occurred with sufficient regu- 
larity to serve as a basis for preparative work, and also 
if a quantitative evaluation of the brain protein phero- 
gram was of diagnostic value. In 150 brain samples, 
they had found 11 protein fractions occurring with 
sufficient regularity to warrant consideration, 2 of 
them corresponding to the pre-albumin, 1 to albumin, 
3 toa, 2to 8, 1 torand 2 to the y globulin range. 
There were no conspicuous differences in various 
areas of the brain. 

In a comparison of the quantitative distribution of 
the fractions in a variety of conditions, the only con- 
spicuous deviation had consisted of an increase of 
y globulin in instances of panencephalitis. 

Brain tissue pherograms were subject to errors be- 
cause of the varying amounts of hemoglobin, which 
migrated with the 8 globulin, in the homogenates. In 
desanguinated rat brain tissue the 8 globulin fraction 
amounted to only 10%, as compared to over 20% in 
brain homogenates from unbled rats. A similar infer- 
ence had been made previously by Robertson using 
paper electrophoresis (unpublished data). In blood- 
free brain tissue of the rats, the fractions showing the 
mobility of a globulins constituted almost 80% of the 
total extractable brain proteins. 

He believed that immunochemical studies with anti- 
sera prepared from these fractions should show 
whether there was a certain protein fraction in brain 
tissue associated with immunological phenomena 
leading to demyelination. If so, this might provide an 
antigen for a useful diagnostic test in D.S. In addition 
enzyme studies in total protein extracts as well as in 
electrophoretically separated fractions might prove 
interesting in the lysolecithin studies of Professor 
Thompson. 


Dr Charles Poser (Kansas City) asked if Dr Finean 
agreed with Dr de Robertis’ suggestion that, in the 
central nervous system, the myelin sheath was derived 
from concentrically layered bodies formed initially in 
the cytoplasm of the glial cells and deposited on the 
surface of the axon. He asked Professor Payling 
Wright if he had demonstrated the ability of the 
embryonic brain to synthesize cholesterol from 
precursors such as acetate or acetoacetate. The com- 
pletion of gross myelination seemed to correspond 
roughly to the establishment of the blood brain 
barrier, and thus the embryonic brain would have to 
exercise this synthetic ability before the blood brain 
barrier became completely impermeable. 
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Professor Lumsden asked Dr Finean if it was possible 
to predict what the permeability properties and the 
permeability mechanism were likely to be in the myelin 
sheath. Was each lamella as permeable to agents acting 
from outside as a uni-lamellar cell membrane? How 
was this multi-lamellar system likely to be penetrated 
by enzymes, antibodies and such agents — directly from 
without inwards, or along the intraperiod line? 

He asked also if the word ‘durability’ of myelin (in 
the sense of chemical myelin) reflected simply the 
‘durability’ or the viability of the satellite or sheath 
cell. 


Dr Finean, in reply to Dr Poser, thought the inter- 
mediate stages of myelination had not yet been clearly 
demonstrated in the central nervous system, but they 
had been well established for peripheral nerve, and 
evidence of the initial invagination of the Schwann 
cell membrane and subsequent spiralling of double 
membrane layers around the axon could be clearly 
seen in the fully myelinated fibre. Such evidence could 
also be seen in the myelinated fibres of the central ner- 
vous system. The inner myelin layer divided at the 
inner mesaxon and enveloped the axon with a single 
membrane layer, which clearly indicated that the axon 
was initially enclosed in an invagination in a cell mem- 
brane. It was also clear that the myelin sheath was a 
continuous wrapping, and not a succession of inde- 
pendent myelin layers. 

As for the suggestion made by de Robertis that the 
myelin sheath was derived from vacuoles or layered 
bodies formed independently in the cytoplasm of the 
cell, he could only suggest that if such bodies did con- 
tribute to the myelin sheath then they must do so by 
being incorporated in the mesaxon which was spiral- 
ling around the axon. If, however, de Robertis was 
suggesting the direct deposition of layered bodies on 
the axon surface to form myelin layers, he did not see 
how he was going to account for the existence of the 
inner mesaxon and the spiralling of the myelin layers. 

In reply to Professor Lumsden, the penetration of 
the myelin layers from outside depended on the direc- 
tion of penetration. Penetration along a radial axis 
would mean penetration through a hundred or more 
close-packed membrane layers which must provide a 
very formidable barrier. Penetration along the myelin 
layers starting from the outer mesaxon and following a 
spiral route eventually emerging at the inner mesaxon 
was another possibility. Here it might be imagined 
that the water component of the myelin would present 
a continuous aqueous channel following a spiral course 
through to the axon. However, it had been demon- 
strated that the water component (30 to 50%) of the 
myelin was largely organized in relation to the lipid 
and protein ionic groups and little was known about 
transport along an organized water system. It was 
impossible to predict what resistance would be met 
along such a pathway. 

Their studies of myelin had shown that relatively 
small modification of the ionic medium led reversibly 
to inhomogeneities in the myelin layers. In terms of a 
single membrane this would be equivalent to produc- 
ing numerous patches of membrane of reduced thick- 


ness. Such patches would appear to be of modified 
composition and might have modified permeability 
properties. This possibility of inhomogeneities being 
readily produced in the cell membrane by fluctuations 
in ionic conditions in its immediate neighbourhood 
was worth pursuing further. 


Professor G Payling Wright, in answer to Dr Poser, 
said that with regard to the blood-brain barrier in the 
chickens and rabbits, it could hardly be doubted that 
the radioactive cholesterol passed into the brain un- 
changed. The fact that the radioactive carbon atom 
was at the same site in the molecule in the cholesterol 
recovered from their brains, as it was in that injected 
twelve months before, excluded the possibility that the 
lipid had undergone any breakdown and re-synthesis 
in the central nervous system. In the serine experi- 
ments, there was no evidence to show whether the 
cholesterol ultimately recovered from the brain was 
synthesized there or in some other organ, such as the 
liver, and then carried to the brain. It was known that 
cholesterol could be synthesized in the brain from 
acetate, and this might have happened in these experi- 
ments. The conclusion as to the persistence of the 
myelin lipids, however, was unaffected by whether the 
radioactive cholesterol entered the brain as such or 
whether it was formed in the organ. 

He agreed with Professor Lumsden that the dura- 
bility of the myelin sheaths was linked to the persis- 
tence of the satellite cells—it could hardly be supposed 
that the sheaths would remain unaffected by their loss. 
But in addition to the possibility that the breakdown 
of these cells might initiate primary demyelination — as 
was now believed to happen in experimental allergic 
encephalomyelitis —- there was a further conceivable 
destructive mechanism that needed consideration. As 
Dr Finean had pointed out, there seemed to be places 
along the course of a fibre where its myelin was not 
wholly protected by any covering glial cell. If such 
lacune proved to be a structural feature of normal 
fibres in the central nervous system such bare areas 
would provide sites at which the sheath might be ex- 
posed directly to any myelinolytic agent. 


Professor R H S Thompson, in reply to Dr Bauer, said 
that Dr W L G Gent had carried out some obser- 
vations on the electrophoretic behaviour of proteins 
in lysolecithin-cleared brain homogenates (Gent, 1959, 
Biochem. J. 73, 6P). 

In reply to a question from Dr Poser, Professor 
Thompson and his associates had examined a few 
specimens from patients with disseminated sclerosis, 
but had found the C.S.F. levels of glutamic-oxaloacetic 
transaminase within normal limits, a finding in agree- 
ment with those of a number of other workers. It had 
to be remembered, however, that the area of tissue 
undergoing active change at any one time in a patient 
with disseminated sclerosis, when considered in rela- 
tion to the total volume of the C.S.F., was likely to be 
very small compared with the conditions existing in 
their in vitro studies in which they had added lyso- 
lecithin to approximately 100 mg of brain tissue in a 
total volume of 3 ml. 
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Possible Genetic Factors in 


Disseminated Sclerosis 


by Professor Sigvald Refsum Mp 
(Oslo, Norway) 


The question of possible hereditary factors in dis- 
seminated sclerosis has been a matter of con- 
troversy for a long time and no general agreement 
has yet been reached. 

The earlier neurologists, such as Charcot in 
France, Gowers in this country, Striimpell and 
Eduard Miiller in Germany, considered that an 
endogenous or constitutional factor played a role 
in the extiology of the disease. According to 
McAlpine et a/. (1955) the earliest authoritative 
reference to familial prevalence of disseminated 
sclerosis appears to have been made by Gowers, 
who in. 1893 wrote ‘direct heredity or the affection 
of two brothers or sisters has been noted in a few 
instances, but is quite exceptional’. 

In 1933 Curtius published his monograph, 
‘Multiple Sklerose und Erbanlage’, a pioneer 
work, which greatly stimulated the interest in the 
problem of possible genetic factors in this dis- 
ease. Curtius (1933), and later with Speer (1937), 
stated that he found a much higher frequency of 
secondary cases in relatives of patients with dis- 
seminated sclerosis than among relatives in a con- 
trol series and in the general population, and 
claimed that the genetic constitution was of great 
importance in its etiology. In his monograph he 
also reviewed the familial cases of disseminated 
sclerosis previously reported in the literature. 

In 1936 Thums reported on his study of an un- 
biased series of twins. All the monozygotic pairs 
of twins were at the time of his first report dis- 
cordant in regard to disseminated sclerosis. His 
conclusion was the opposite of that of Curtius. 
He claimed that genetic factors played an un- 
important role in disseminated sclerosis and that 
the disease is ‘im wesentlichen eine Umweltkrank- 
heit’ (1939). I shall later be referring to Thums’ 
subsequent studies (1952). 

McAlpine (1946), in an extensive study of 142 
cases of disseminated sclerosis, reported eight 
examples of familial incidence — 6 sibling pairs 
and two parent-child groups — and he stated that 
the familial prevalence was significant and that an 
inherited constitutional factor might render an 
individual more susceptible to the disease. 

A comprehensive review of the familial cases of 
disseminated sclerosis reported in the literature 
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was given by Mackay (1950), who concluded that 
the ‘acceptable’ instances numbered 79, with an 
aggregate of 177 affected persons. To these he 
added 5 instances of his own, including 11 persons 
(three brothers and 4 pairs of siblings), making a 
total of 84 family groups and 188 persons. In a 
few of these cases autopsy reports were available 
in One patient in a family, and in very few in more 
than one. 

Pratt et al. (1951) accepted reports in the 
literature of 184 instances of disseminated 
sclerosis in more than one member of a family. 
In a total of 310 personal cases the familial preva- 
lence was 6-5%. On an estimated prevalence of 
disseminated sclerosis in the population of 
England and Wales of roughly 1 per 2,000 the 
observed prevalence of the disease in siblings and 
in parents was significantly higher than expected, 
the risk of contracting the disease being approxi- 
mately eighteen times greater in the siblings and 
thirteen times greater in the parents of affected 
patients than in the general population. The 
authors concluded that a genetic factor is present 
in disseminated sclerosis which may allow the 
etiological factor or factors causing the disease to 
act more readily. 

In his series of 750 probands Miiller in Sweden 
(1953) found that 27, or 3-6%, had some close 
relative (parent, sibling or child) with dissemin- 
ated sclerosis. The incidence of the disease in the 
parents was 0-3 %, in the siblings 1-0°%, and in the 
children 2:3°%. Miiller’s conclusion was, how- 
ever, that the available data gave no support to 
the concept that genetic factors are active in dis- 
seminated sclerosis. But he commented that this 
does not imply that genetic factors, in the wider 
application of the term, lack importance. 

In their survey of disseminated sclerosis in 
Northern Ireland, Millar & Allison (1954) found 
44 families with two or more members affected 
out of a total of 668 families, an incidence of 
6°58 %. The incidence of the disease in the siblings 
of the propositi was 5 to 15 times greater than the 
prevalence rate in the general population. 

Sutherland (1956) reported that no less than 
11% of the cases of disseminated sclerosis in the 
Scottish islands were familial (14 of 127). In his 
series, 1-3°% of the siblings of the patients were 
affected. He suggested that the high prevalence 
rate he had observed in these islands was linked 
with this exceptionally high familial incidence. 

In Hyllested’s series from Denmark (1956) at 
least 44 of 11,924 siblings (0-4°%) were thought to 
be affected. 
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In a recent unpublished study from Norway, 
Oftedal (1960) found a prevalence of disseminated 
sclerosis in Vestfold, a district near the Oslo fjord, 
of 82 per 100,000 (in a total population of 
155,000). There were seven times as many cases of 
the disease among the siblings of the patients as in 
the population at large. 

The familial incidence of disseminated sclerosis 
can hardly be explained on the basis of a common 
environmental factor. An important fact support- 
ing this is the rarity of conjugal disseminated 
sclerosis. Allison & Millar (1954) found no 
example of conjugal disseminated sclerosis in 
their series. They quoted Steiner (1938) as having 
found only two examples in the literature. In a 
series of over 1,000 cases (McAlpine et al. 1955) 
there were three examples. Hyllested (1956) ob- 
served two examples in a total of 2,681 patients. 

Some of the families reported by Pratt er al. 
(1951) are of special interest. In a brother and 
sister a progressive course was observed, simulat- 
ing a familial degenerative disorder. A post- 
mortem examination in the sister, however, re- 
vealed typical lesions of disseminated sclerosis in 
the brain, brain-stem, and spinal cord. 

In another family the mother and 4 out of 
5 daughters who survived to adult life were 
affected. Post-mortem examination established 
the diagnosis of disseminated sclerosis in two of 
the daughters. 

In a third family the disease occurred in three 
generations. There were no post-mortem examin- 
ations, but the findings and the course with re- 
lapses and remissions strongly suggested a dia- 
gnosis of disseminated sclerosis. 

The occurrence of disseminated sclerosis in 
3 brothers with typical histories and typical 
findings and with autopsy in one of them, has 
recently been reported by Nayrac et al. (1954). 

Disseminated sclerosis in a mother and two 
daughters was reported by Koslow (1957). The 
diagnosis was verified by post-mortem examin- 
ation in one of the daughters. 

A survey of the later results of genetic studies in 
disseminated sclerosis was given by Curtius 
(19595). 


Discussion 

After this brief introduction, I shall discuss some 
of the problems facing us in regard to possible 
hereditary factors in disseminated sclerosis. 

First of all, no disease is actually inherited. The 
so-called hereditary diseases are always the result 
of an interaction of genes and environmental 
stimuli. It has rightly been said that the antithesis 
of hereditary and non-hereditary characters is a 
theoretical simplification. ‘Heredity can not oper- 
ate in a vacuum, and we can not hope adequately 


to understand the action of hereditary factors in 
the development of any trait, pathologic or 
normal, except in the framework of the environ- 
ment in which the factors attain expression. 
Knowledge of the extent to which genetic factors 
are involved, and of the mechanisms through 
which they are expressed, is essential to a com- 
plete understanding of the natural history of any 
disease.’ (David & Snyder 1954). 

There is a continuous spectrum; at one end we 
have diseases which are primarily genetic, at the 
other we have diseases which are primarily en- 
vironmentally determined. 

The necessary and sufficient criteria for estab- 
lishing that genetic constitution is significant in 
the etiology of a disease, have recently been dis- 
cussed by David & Snyder (1954) and briefly 
summarized as follows: 


‘For the identification of conditions dependent on 
single-gene substitutions with regularly manifested 
pathologic effects [I would like to underline: “‘single- 
gene” and “regularly manifested pathologic effect,” 
i.e. complete penetrance], it has been more or less 
tacitly agreed that the postulated single-gene mechan- 
ism is plausibly demonstrated if the following criteria 
are met: (qa) statistical agreement with Mendelian 
expectancies in respect to familial incidence and popu- 
lation frequencies ; (6) complete concordance in mono- 
zygotic twin pairs; and (c) either an elevated rate of 
parental consanguinity, in the case of presumed auto- 
somal recessive determination (when the condition is 
rare), Or appropriate pedigree patterns for presump- 
tive dominant or sex-linked transmission.” 


If we are dealing with a condition with a more 
complicated hereditary mechanism, depending on 
a gene with incomplete penetrance or depending 
on more than one gene (or one pair of genes), the 
requirements just mentioned cannot be applied. 

The frequency of disseminated sclerosis in near 
relatives of patients with the disease has been 
found by many investigators to be much higher 
than might be expected by chance. The objection, 
however, has been raised that the increased fre- 
quency found in relatives of patients with dis- 
seminated sclerosis may, in part, be due to differ- 
ences in methods employed in determining the 
prevalence in relatives and in the general popula- 
tion. In other words: that the relatives of patients 
with disseminated sclerosis might have been sub- 
ject to a more careful survey than that employed 
in the general population. The difficulty of dis- 
tinguishing such hereditary diseases as spinocere- 
bellar ataxia, spastic spinal paralysis and diffuse 
sclerosis from disseminated sclerosis has also been 
emphasized. 

An increased rate of consanguinity of parents 
of patients with disseminated sclerosis over the 
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general rate of consanguineous marriages in the 
same region has been found by some investigators, 
but not by others. (For references see Kurland et 
al. 1955 and McAlpine 1957.) This question thus 
needs further clarification. 

In a re-examination of his unbiased series of 
twins Thums (1952) found only one monozygotic 
pair concordant with regard to disseminated 
sclerosis, while 12 monozygotic pairs were found 
to be discordant. Curtius and others (e.g. Behnke 
and Gruelund 1957) have stressed that there may 
be a great difference in the age of onset in the 
twins and therefore, discordance cannot be con- 
sidered as final until the co-twins have reached 
the age limit of likely manifestation of the disease. 
In a review of monozygotic pairs from the litera- 
ture (including Thums’ series) Curtius (19595) 
found 14 concordant (including 3 questionable) 
and 24 discordant, and concluded that the 
presence of ‘weak genes’ must be assumed to con- 
tribute to the disposition towards disseminated 
sclerosis. 

The validity of conclusions drawn from report- 
ed cases in the literature is questionable because 
of the bias of selection. They will usually repre- 
sent a selection of interesting cases, with a ten- 
dency to report monozygotic twins rather than 
dizygotic, and concordance rather than discord- 
ance. 

In a study of 29 pairs of proved monozygotic 
twinships with what they called ‘definite dissemin- 
ated sclerosis’, Mackay and Myrianthopoulos 
(1958) found full concordance in only 2 pairs, 
while there was full concordance in only | pair of 
25 pairs of dizygotic twinships, by the most rigid 
of diagnostic standards. Diagnostic standards 
sufficiently liberal to accept neurologic abnormali- 
ties consistent with, but inadequate for, the dia- 
gnosis of disseminated sclerosis, suggested con- 
cordance in 7 out of 29 monozygotic pairs, and in 
4 out of 25 dizygotic pairs of twins. The type of 
zygosity in each twinship was determined by an 
objective method described by Smith & Penrose 
(1955), utilizing a wide constellation of blood 
groups, fingerprints, and several anthropometric 
measurements. Such criteria for diagnosis of 
zygosity have not been employed in many 
previous twin studies. 

The difference in concordance rate between the 
monozygotic and dizygotic twin pairs was inter- 
preted as being not significant and thus not con- 
stituting conclusive evidence that genetic factors 
operated in the causation of the disease. 

Twin studies per se have thus failed to reveal a 
definite hereditary pattern in disseminated 
sclerosis; however, the increased incidence in 
other members of the families of the twins as 
compared with the population at large may sug- 
gest the operation of some genetic factor in the 
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causation of disseminated sclerosis. Depending on 
the rigidity of diagnostic standards 0-99 to 1-62% 
of the relatives investigated were found by 
Myrianthopoulos and Mackay (1960) to have dis- 
seminated sclerosis. This is 20-0 to 32-26 times 
higher than the prevalence rate of the disease in 
the general population (see Table 1). 


Table 1 


Multiple sclerosis in relatives: Comparison of data from this study 
with population prevalence rate and data from other studies 








Data this study 
Times Millar 
population Pratt & 
Relation- prevalence etal. Miller Allison 
ship Prevalence % 1:2,000 (1951) (1958) (1954) 
Parents 1in62 16 32:26 1 in 200 1 in 300 
Siblings 1in41@ 2-45 48-78 lin 100 1 in 100 1 in 100 
to to to 
lin 17 5-88 117-65 
Children 1 in 57 1:75 35-08 
First 1 in 166 0-6 12-05 
cousins 
Total lin 101 0-99 20-0 1 in 167 
relatives to to to 
1 in 62 1-62 32-26 
Family 1in6 16-67 65% 36% 66% 
history to to 
lin4 22-23 


families 





From Mackay & Myrianthopoulos, 1958 

@ First figure is for definite M.S. only. Second figure is for definite 
and possible M.S. combined. 

(Table | is reprinted from Myrianthopoulos & Mackay, 1960, by 
kind permission.) 


Myrianthopoulos and Mackay (1960), after 
analysis of the data of 1,112 relatives of their twin 
patients, concluded that these could be explained 
by the hypothesis of autosomal recessive inherit- 
ance with reduced penetrance, but that this hypo- 
thesis must not be taken as proven or as the only 
one that could explain the data. They surmised 
that environmental, probably climatic and geo- 
graphic factors may play a considerable role in 
suppressing the penetrance of the genetic factors. 

The reported higher incidence of disseminated 
sclerosis in temperate zones compared with tropi- 
cal regions, and the absence of any distinct racial 
selection in the communities systematically sur- 
veyed (as pointed out by Kurland & Westlund 
1954, Kurland et al. 1955, 1957, and Alter et al. 
1960) suggest that some unrecognized environ- 
mental factors play a significant roie. Dissemin- 
ated sclerosis, as we know it, may well include 
several disease entities, the most common of 
which is primarily environmentally determined 
and a relatively uncommon form which may be 
primarily genetic. 

The last word regarding hereditary factors in 
disseminated sclerosis has not yet been said, and 
further extensive studies in this field are still 
required. 
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Ophthalmic Aspects of Demyelinating 
Diseases 
by Professor G I Scott FRcsEd FRsEd (Edinburgh) 


I have selected for discussion 65 cases of dis- 
seminated sclerosis, 12 cases of neuromyelitis 
optica and 3 cases of acute bilateral optic neuritis 
of obscure etiology, seen in the Department of 
Ophthalmology of the Royal Infirmary of Edin- 
burgh and by my neurological colleagues. 


DISSEMINATED SCLEROSIS 

The 65 cases of disseminated sclerosis consisted of 
30 men and 35 women, the average age at the 
time of the follow-up examination in 1960 being 
45 years in the men and 39 years in the women. 
These cases were reviewed to ascertain the inci- 
dence of changes in the peripheral retinal veins in 
established cases of the disease, but there are 
certain other ophthalmic aspects of interest. The 
incidence of the principal ophthalmic findings 
which I shall discuss is shown in Table 1. 


Table 1 


The incidence of certain ocular changes in 65 cases of 
disseminated sclerosis 





Number of Percentage 

Ocular disturbances patients of total 
Optic neuritis 20 31 
Nystagmus 31 48 
Ocular palsies 13 20 
Facial palsies o 6 
Changes in the retinal veins 7 11 

(a) Sheathing only 3 5 

(6) Sheathing and old choroiditis 1 1-5 
(c) Sheathing and chronic periphlebitis 1 1-5 
(d) Sheathing and Eales’ disease 1 1-5 
(e) Eales’ disease without sheathing 1 1-5 
Iridocyclitis 1 1°5 





Optic Neuritis 
In 16 of the 20 patients the neuritis was retro- 
bulbar; in 12 of these the condition only affected 
1 eye and in 3 there were recurrent attacks in the 
same eye over a period of years. 

There was only 1 patient in this series with 
evident cedema of the disc. 

In 3 cases the onset was insidious with pro- 
gressive impairment of visual acuity. 


Prognosis for vision: The outcome as regards ulti- 
mate visual acuity, even after repeated attacks of 
retrobulbar neuritis, was surprisingly good in this 
group of patients. In those with typical attacks of 
acute retrobulbar neuritis (16) the ultimate visual 
acuity was 6/12 to 6/6 and N 5 at reading distance 
in every case. The | patient with acute papillitis in 
one eye made a slow recovery over a period of ten 
months from perception of hand movements to 
6/24 and N 8. The 3 patients in whom the onset 
was insidious and progressive suffered severe im- 
pairment of vision (Table 2). 


Table 2 


Visual acuity in 20 patients with optic neuritis 





Number of Final visual 
Optic neuritis patients acuity 
Acute retrobulbar 16 6/12-6/6 and N 5 in 
neuritis every case 


Acute papillitis with 1 
slow recovery over ten 
months 


6/24 and N 8 


Insidious and progressive 3 R. 6/60 N 8, L. C.F. 


optic neuritis affecting R. 6/60 N 10 

both eyes L. 6/60 N 14 
R. <6/60 N 14 
L. <6/60 N 14 





Pallor of the discs: Eight of the patients with optic 
neuritis developed well-marked generalized pallor 
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of the disc, 2 showed doubtful temporal pallor 
and, in 10 cases, the discs appeared normal. There 
were also 6 cases with definite temporal pallor of 
the discs but with no history of any disturbance of 
visual acuity. 


Nystagmus and Ocular Palsies 

These ocular disturbances are relatively frequent 
in disseminated sclerosis but totally absent in 
neuromyelitis optica. 


Changes in the Retinal Veins 

Changes in the retinal veins were observed in 7 
patients. In 3 there was sheathing of the veins 
only (Fig 1), which affected both eyes in each case. 
Another patient showed similar sheathing in one 





Fig 1 
Sheathing of the retinal veins in a patient with 
disseminated sclerosis 
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portion of the fundus, and a large patch of old 
choroiditis elsewhere in the fundus of the same 
eye. A fifth patient showed long-standing chronic 
perivasculitis of unknown etiology in one eye, 
with sheathing of the veins in the same eye and 
rather unusual cuffing of the veins in the other eye 
(Figs 2 & 3). Two patients suffered from Eales’ 
disease and in one sheathing was also observed in 
one eye. 


Tridocyclitis 
One patient showed signs of old iridocyclitis. 


NEUROMYELITIS OPTICA 

In 1952 I reported the findings in 12 cases of 
neuromyelitis optica seen in Edinburgh during the 
period 1937 to 1949. 

These cases could be divided into two well- 
defined groups. Those in Group I (4 cases) suffer- 
ed from acute bilateral optic neuritis preceded or 
followed by paraplegia or monoplegia, as well as 
other obvious signs of myelitis; 2 died from 
ascending myelitis and 2 survived with complete 
recovery from the optic neuritis but were left with 
residual effects from the myelitis. The patients in 
Group II (8 cases) also suffered from acute bi- 
lateral optic neuritis but the signs of myelitis, 
although quite definite, were much less obvious 
and the motor pathways were only slightly affect- 
ed in 2 cases. One patient, aged 66 at the time of 
onset of the disease, died in the same year, but the 
remaining 7 have now been followed up for 
periods of eleven to twenty-one years. 

As the detailed clinical findings at the onset of 
the disease have already been published (Scott 
1952), I will do no more than summarize the 
original findings. 





Fig 2 
Perivasculitis and also sheathing of retinal veins in 
the right eye of a patient with disseminated sclerosis 


Fig 3 
Peculiar sheathing of retinal veins in the left eye of a 
patient with disseminated sclerosis (same case as Fig 2) 
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Case 1 I S, woman aged 32 years at onset of disease. 
1937: (1) Bilateral optic neuritis: no perception of light 
in one eye; mere perception of light in the other. 
Marked cedema of both discs. (2) Myelitis: frequency 
of micturition, depression of all forms of sensation be- 
low T.6, slight loss of power in flexors of the toes and 
thighs and extensor plantar responses. Three months 
later the visual acuity had improved to R. J 14, L. J 8. 
Marked atrophy both discs. 

1952: R.V. 6/12 J 4. L.V. 6/9 pt. J 2. No other physical 
disability except frequency of micturition. Died 1952 
from acute hepatitis. 

No relapse in fifteen years: Histological examination 
(1952) showed no evidence of demyelinization in the 
brain or spinal cord, but moderate demyelination was 
present in the optic nerves. 


Case 2 M McsS, girl aged 6 years at onset of disease. 
1939: (1) Bilateral optic neuritis: sudden onset, ‘things 
suddenly going black’. No perception of light in either 
eye; considerable swelling of both discs. (2) Myelitis: 
motor functions normal; pain and cold sensory func- 
tions depressed in both lower extremities, upper level 
for pain being the umbilicus; bilateral extensor plantar 
responses. 

Recovery to almost normal visual acuity in six months. 
Follow-up, August 1960: R.V. 6/6 N 5. L.V. 6/6 N 5. 
Discs pale R.>L. No defect 2/2,000 red either eye. 

No relapse in twenty-one years. 


Case 3 J McL, girl aged 17 years at onset of disease. 
1940: (1) Bilateral optic neuritis: R.V. 6/24, L. 6/60. 
Six days later R. 6/6 J 1, L. 6/6 pt. J 1 slowly. (2) Motor 
functions normal apart from slight R. facial weakness. 
Bilateral extensor plantar responses. Sensory functions 
normal. Thirteen days after onset more pronounced 
spastic signs developed in lower extremities with 
bilateral unsustained knee and ankle clonus. 

Follow-up, 1960: R.V. 6/6 N 5. L.V. 6/6 N 5. Right disc 
normal. Left definite pallor. 

No relapse in twenty years. 


Case 4 J I, boy aged 16 years at onset of disease. 

1940: (1) Bilateral optic neuritis with transient blurring 
of vision in one eye for one week and then sudden loss 
of vision in both eyes over a period of twenty-four 
hours. Slight edema of both discs. R.V.=hand 
movements, L.V.—hand movements. (2) Myelitis: 
tingling paresthesia on anterior aspect of thighs, 
complete retention of urine and an extensor plantar 
response. Also neck rigidity and a positive Kernig 
sign. During the following week the level of sensory 
disturbance rose to T.4. 

Recovery in period of three months. 

1946: Recurrence of optic neuritis. R.V.—doubtful 
perception of light. L.V.=hand movements. Discs 
pale but well defined. 

Recovery in three months to R.V. 6/6 pt. L.V. 6/6 pt. 
J 1 scotomatously. 

1957: Transient blurring of vision. 

1960: No further relapse. R.V. 6/6(-1) N 5. L.V. 6/6 
N 5. Cannot see 3/2,000 red at centre. Discs pale. 
Follow-up period twenty years. 


Case 5 R F, boy aged 8 years at time of onset. 

1941: (1) Bilateral optic neuritis: loss of vision first in 
one eye and a week later in the second eye. R.V.=? 
L.V.=hand movements. CEdema of both discs. (2) 
Marked right facial weakness, followed one day later 
by considerable neck rigidity and a positive Kernig 
sign. Retention of urine. (3) A few days later there 
was depression of all forms of sensation from T.8 to 
L.1 and an extensor plantar response. 

Recovery in five months. 

Follow-up, 1960: R.V. 6/5 pt. N 5. L.V. 6/5 pt. N 5. 
Both discs pale. 

No relapse in nineteen years. 


Case 6 W V, boy aged 7 years at onset of disease. 

1942: (1) Bilateral optic neuritis: R.V.—C.F. L.V.- 
C.F. Edema of both discs. (2) Myelitis: only signs 
were a distended bladder and an extensor plantar 
response. 

Follow-up, 1960: R.V. 6/6 N 5. L.V. 6/6 N 5. Both discs 
pale. 

No relapse in eighteen years. 


Case 7 F M, girl aged 9 years at onset of disease. 

1949: (1) Acute bilateral optic neuritis. R.V.=hand- 
movements. L.V.=no perception of light. Moderate 
cedema of both discs. (2) Retention of urine, neck 
rigidity and positive Kernig sign. Recovery in four 
weeks to 6/12 and in eight weeks to 6/5. 

1950: Recurrence of optic neuritis. R.V. 6/60. L.V. 
2/60. Recovery in three and a half months to 6/6 pt. 
and 6/9. 

1957: Recurrence of optic neuritis — treated with cor- 
tisone. Recovery in nine weeks. 

1960: No further relapse. R.V. 6/6 pt. N 5. L.V. 6/6 pt. 
N 5. Pale discs. Small paracentral scotoma to 3/2,000 
red. 

Follow-up period eleven years. 


ACUTE BILATERAL OPTIC NEURITIS WITHOUT SIGNS 
OF MYELITIS 

The third group consists of 3 patients with 
severe bilateral optic neuritis with no other or few 
neurological signs. These patients have now been 
followed for seventeen to twenty years. 


Case 8 A D, man aged 33 years at onset of disease. 
30.9.40: History of sore throat for sixteen days before 
admission. Blurring of vision three days later. 

On examination: R.V. 3/60. L.V. 6/60. Marked ceedema 
of both discs. C.S.F. total protein 40 mg per cent; 
colloidal gold curve negative. 

2.10.40: R.V. 6/60 and J 16. L.V. 6/60 and J 16. 
12.10.40: Developed pain on left side of face over 
second and third divisions of the trigeminal, and a 
week later developed depression to pin-prick, touch 
and temperature in the same area. 

16.10.40: Similar depression in right trigeminal. 


Trigeminal findings disappeared in about four weeks’ 
time. 

11.12.40: R.V. 6/6 and J 1. L.V. 6/6 and J 1. Discs 
appear normal. 
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6.1.51: R.V. 6/5 and J 1. L.V. 6/5 and J 1. No defect in 
fields to a 2/2,000 red test object. 

Summary: 1940: Bilateral optic neuritis followed by 
bilateral trigeminal pain. 

Follow-up: 1960: R.V. 6/6 N 5. L.V. 6/6 N 5. 

No relapse in twenty years. 


Case 9 M P, woman aged 41 years at onset of disease. 
History: Recurrent sore throats when a girl; ten days 
before admission she ‘went off her food’ and noticed 
‘dazzling’ across her eyes and two days later her sight 
became blurred. 

11.3.43: R.V.=hand movements. L.V.=hand move- 
ments. Swelling of both discs with hemorrhages and 
exudates. 

12.3.43: R.V.=No perception of light. L.V.=Percep- 
tion of hand movements. C.S.F. pressure 90, protein 
30. W.R. negative. Colloidal gold negative. 

Nothing abnormal on general neurological examina- 
tion, apart from the ocular findings. 

Progress: Recovery of full vision. 

Summary: (1) Bilateral optic neuritis. (2) No relapse 
during seventeen years. 


Case 10 E R, woman aged 46 years at onset of disease. 
History: Five weeks ago had ‘cold in her head’ and 
then severe headache. Ten days ago — ‘could not see 
with left eye’. Seven days ago — right eye similarly 
affected. 

5.5.41: R.V. counts fingers at 1 metre. L.V.=no per- 
ception of light. Gross swelling of both discs with 
hemorrhages and exudates. 

8.5.41: Both pupils react to light. General neurological 
investigation negative apart from definite exaggeration 
of tendon reflexes in both upper extremities. C.S.F. 
examination negative. 

22.5.41: R.V. 6/60, L.V. 6/60. 

31.5.41: R.V. 6/12, L.V. 6/18. 

18.6.41: R.V. 6/9, L.V. 6/12. Slight pallor of both 
discs. 

13.9.45: R.V. 6/6, L.V. 6/9. 

Follow-up: 29.6.60: R.V. 6/6 pt. J 1. Trace of pallor 
of right disc. L.V. 6/9 pt. J 2. Temporal pallor of left 
disc. No defect in right field: central scotoma in left 
field to a 2/2,000 red test object. 

No relapse during a nineteen-year period of observation. 


CONCLUSIONS 


Neuromyelitis Optica 
Although McAlpine et al. (1955) recorded a case 
which appears to bridge the gap between dis- 
seminated sclerosis and neuromyelitis optica, the 
cases which I have described, and which have now 
been followed up for eleven to twenty years, pro- 
vide strong evidence that neuromyelitis optica is a 
recognizable disease very different from dissemin- 
ated sclerosis in its clinical behaviour. The com- 
mon occurrence of a preceding febrile disturbance, 
the negative colloidal gold reaction of the cerebro- 
spinal fluid and the absence of euphoria, nystag- 
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mus, paresis of cranial nerves, all make the 
clinical picture quite different from that of dis- 
seminated sclerosis. 

The behaviour of the optic neuritis is also quite 
dissimilar. There is almost invariably very evident 
cedema of the optic discs in cases of neuromyelitis 
optica and recovery of vision is the rule, a finding 
in marked contrast to disseminated sclerosis in 
which, although recovery of vision may be the 
rule following attacks of retrobulbar neuritis, 
some loss of vision may result if there is marked 
cedema of the nerve head with slow recovery, and 
in which, if both eyes are affected simultaneously 
in an insidious and progressive way, there is 
always marked impairment of vision. 

Similar cases have been recorded by Kohut & 
Richter (1945) and by Miller & Evans (1953), and 
it seems likely that the condition is much more 
closely allied to acute disseminated encephalomye- 
litis (Scott 1952) of which it may be a clinical 
variant (Miller & Evans 1953). 

The recurrence in some of my cases of repeated 
attacks of optic neuritis but not of myelitis sug- 
gests that there may perhaps be some difference in 
the reaction in the optic nerves and in the spinal 
cord. 


Acute Bilateral Optic Neuritis with Few or No 
Other Signs 

My 3 cases of severe bilateral optic neuritis 
resemble the cases described by Hierons & Lyle 
(1959) and probably represent a localized form of 
encephalomyelitis. In my small group of patients, 
all adults, recovery of visual function was the rule. 


Disseminated Sclerosis 
The visual prognosis: A most interesting feature in 
the series of 65 patients with well-established 
disseminated sclerosis was the good visual acuity 
following attacks of retrobulbar neuritis, a finding 
different from those recorded by Wybar (1952) 
and by Schlossman & Phillips (1954) but similar 
to that recorded by Allison (1950) in his review of 
cases followed up over a period of twenty years. 
Changes in the retinal veins: Sheathing of the 
retinal veins was first described by Rucker (1945), 
who estimated that it occurred in about 16% of 
cases of disseminated sclerosis; Wybar (1952) 
found these changes in 10% of patients and 
Doden (1957) in 23%. Rucker regarded the 
sheathing of the veins as a sign diagnostic of dis- 
seminated sclerosis. Francois & Neetens (1959), 
on the other hand, did not consider this fine white 
cuffing of the veins as pathognomonic of the 
disease. 

In the cases of disseminated sclerosis, which I 
have reviewed, it is of particular interest that 
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sheathing of the veins occurred in association 
with choroiditis, perivasculitis of the retinal 
vessels of unknown etiology and in one patient 
with Eales’ disease. 

The significance of these changes alongside the 
retinal veins cannot yet be assessed and further 
work is required to establish whether they are 
peculiar to disseminated sclerosis or occur in 
other diseases. 
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DISCUSSION 


Dr Refsum, in reply to a discussant who said that the 
rarity of conjugal cases did not deny the possibility of 
common exposure long ago, did not think it was possi- 
ble to give a definite answer. Familial instances might 
be caused by common environmental factors although 
such cases had been reported where there appeared to 
have been no contact. It seemed difficult to him to 
explain the higher incidence of familial cases as com- 
pared with the population at large only as caused by 
exposure to common environmental factors. 


Dr Douglas McAlpine said that textbooks scarcely 
referred to the chronic progressive form of R.B.N. 
About 5% of Professor Scott’s cases fell into this 
category. 

It was no longer possible to draw a sharp distinction 
between neuromyelitis optica and D.S. for there were 
many cases which bridged the gap between them. 


Professor Lumsden, in considering the relationship of 
neuromyelitis optica to D.S., drew a parallel from 
experimental pathology. In guinea-pigs with ‘allergic’ 
encephalitis, the distribution of the lesions in the white 
matter might vary considerably from animal to animal. 
Dr Blight and he had come to think of this as the 
operation of ‘field factors’. Electrophoretic studies by 
Dr Duncan Robertson in their laboratory had shown 


that spinal cord, both human and bovine, contained at 
least one encephalitogenic protein absent from brain. 
Experimentally, too, there was evidence that an anti- 
gen from the optic system yielded lesions predominant- 
ly in the optic pathways (Bullington S J & Waksman 
BH, 1958, Arch. Ophthal., Chicago, 59, 435). Likewise, 
in some animal species, peripheral nerve emulsion 
yielded specifically an allergic neuritis whereas in other 
species there was some reciprocity between peripheral 
nerve and brain in the experimental allergic system. 
Despite the clinical differences between D.S. and neuro- 
myelitis optica the latter might well be a variant of the 
same process as the former, but where a slightly 
different ‘field factor’ of immunological nature deter- 
mined the site where the brunt would fall. 


Professor Payling Wright wondered if there was any 
relationship between the perivenous changes and the 
exacerbations or remissions in D.S. About 10% of 
these cases showed perivenous reactions, and some 
other reported figures were higher. If these vascular 
reactions, implying a possible injury to the vessel walls, 
were related to alternations in the patient’s symptoms, 
they might have an important bearing on the allergic 
hypothesis. 


Dr J H D Millar said that the more complete the 
survey, the higher the familial incidence of D.S. 
became. Dr Allison and he had now revised their 
figure from about 6-5 % to about 10%. 


Professor Scott, in reply, said that, as Dr McAlpine 
had emphasized, it was important to recognize that a 
chronic form of optic neuropathy could occur in D.S. 
It was always linked with a chronic and progressive 
development of the disease in general. 

His rather sharp distinction between neuromyelitis 
optica and D.S. was purely clinical and did not exclude 
the possibility of the two conditions having a common 
etiology, the clinical manifestations in the case of D.S. 
perhaps being modified by an allergic or other factor. 
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Atypical Hypopituitarism 
by Professor H L Sheehan mp Frcp (Liverpool) 


The great majority of patients who have lost the 
anterior lobe of the pituitary have a typical general 
picture, which is referred to as hypopituitarism. 
However, when these cases are studied in detail, 
nearly all patients prove to have some anoma- 
lous feature in their clinical, biochemical or patho- 
logical findings. These anomalies are often trivial, 
but sometimes they seem to be more fundamental, 
and they may occasionally raise doubts as to 
whether the patient really has hypopituitarism. 

The particular problem for consideration here 
is the patient who has most of the target endo- 
crines almost completely out of action, yet shows 
symptoms indicating that one of them continues 
moderate function. At first sight this retention of 
function of one of the target endocrines suggests 
that the pituitary may be normal. However, in a 
number of these problem cases the administration 
of the suitable pituitary trophic hormones can 
restore the lost function of the other target endo- 
crines and this suggests that the pituitary was 
primarily at fault. 

The apparent contradiction indicates the need 
for information from all possible sources. For this 
reason the present discussion will be restricted to 
those cases where there are not only the clinical 
and biochemical data, but also details of the ana- 
tomical and histological changes in the pituitary 
and in the target endocrines. This restriction does 
not exclude the possibility of functional disturb- 
ances without structural lesions, but the cases 
where the functional disturbances are due to gross 
structural jesions are perhaps easier to understand. 

The discussion will not include the pseudo- 
hypopituitarisms due to hypothalamic disturb- 
ances nor those due to primary lesions in several 
of the target endocrines at the same time, nor the 
various types of true hypopituitarism due to 
tumours or chronic inflammatory processes in the 
gland, nor the histological aspects of monotrophic 
pituitary insufficiencies. The analysis is limited to 
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the cases of hypopituitarism due to post-partum 
necrosis where it is known from autopsy that there 
has been gross structural damage to the anterior 
lobe, but where the clinical picture is atypical in 
that there is evidence of continued function of one 
or other of the target endocrines, though usually 
on a rather low level. The most obvious explana- 
tion of this state of affairs is that the original 
necrosis did not destroy all of the anterior lobe, 
but that rather large remnants of parenchyma 
have been left, which are now secreting significant 
amounts of certain trophic hormones. This 
necessitates consideration of the position, size, 
potential function, and histological appearances 
of these pituitary remnants. 


The Pituitary Remnants 

Anatomical position: After a large post-partum 
necrosis, remnants of the anterior lobe are found 
in three places (Figs 1 and 2): 

(1) There is a constant remnant which occupies 
the pars tuberalis and its downward continuation 
as a very small wedge of tissue in the pars inter- 
loralis just in front of the stalk. This will be re- 
ferred to as the ‘tuberalis remnant’. The impor- 
tant point is that it maintains its structural con- 
nexions with the hypothalamus and continues to 
receive a portal blood supply from the neural part 
of the stalk. Thus it remains exposed to the same 
controlling factors as in a normal gland and, from 
this aspect, it is suitably placed to function. 

(2) In some cases a small area of parenchyma at 
the lateral pole remains alive because it receives a 
direct arterial supply by way of the inferior capsu- 
lar artery and it seems to survive permanently. Its 
size may be as much as 5 c.mm on each side, even 
in cases which are clinically very severe. This 
tissue does not maintain any vascular or nervous 
connexions with the stalk and the hypothalamus, 
and thus its functional activity may be very 
severely impaired. It is a very important question 
whether this isolated lateral pole remnant has any 
influence on the course of the disease. A similar 
remnant is usually left at the lateral pole after sur- 
gical hypophysectomy and in that condition the 
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Fig 1 (left) Sites of anterior lobe remnants after severe 
post-partum necrosis. The ‘tuberalis remnant’ is shown in 
black; the less frequent ‘pole remnant’ is shaded 


thyroid may regain some function. For this reason 
an analysis has been made of 15 of our cases of 
post-partum hypopituitarism in which serial sec- 
tions of the whole gland have been cut. Four of 
these patients had remnants of parenchyma at the 
lateral pole; the other 11 did not. Table 1 shows 


Table 1 


Size of target organs in relation to presence 
of remnant of pituitary at lateral pole 





Gross pituitary destruction 
with pole with no 





Normal remnant pole remnant 

Tuberalis remnant ] f 

(c.mm) 170to 200 4 3-5 29 
Pole remnant f 10-7 0 

(c.mm) J L 
Adrenals (g) 10to 15 45 38 
Thyroid (g) 20to 30 5-0 8-5 
Liver (g) 1,400 to 1,800 860 950 
Kidneys (g) 260to 320 170 170 
Heart (g) 260to 320 170 240 





the weight of the various endocrines and viscera 
in the two groups. These autopsy findings give no 
evidence that the remnant at the pole secreted any 
significant amounts of thyrotrophin, corticotro- 
phin or somatotrophin. Analysis of the clinical and 
biochemical findings in these patients also gives no 
evidence that the pole remnant influenced the 
course of events in any way. For this reason, the 
following discussion will deal only with the tuber- 
alis remnant and not with the remnant at the pole. 
(3) A very thin layer of live parenchyma remains 
in patches under the capsule, apparently nourish- 
ed by diffusion from the blood vessels in the 


No 





Fig 2 Mid-line section of pituitary in severe post-partum 
hypopituitarism. The ‘tuberalis remnant’ is cut along its 
maximum dimension 


neighbouring dura. This layer is rarely more than 
a few cells deep, and its total amount is so trivial 
that it can be neglected. 


The size of the remnant: In about half of all cases 
of post-partum necrosis the lesion is only small or 
moderate-sized, ranging up to about 90% of the 
anterior lobe. This leaves an anterior lobe rem- 
nant of 10 or 20% or more, which seems to be 
sufficient to keep the patient in relatively good 
health,and most of these cases are never diagnosed 
as having hypopituitarism. Obviously the incom- 
pleteness of the hypopituitarism from the clinical 
aspect is merely an expression of the incomplete- 
ness of the anatomical destruction of the pitui- 
tary. These cases do not present any special prob- 
lem, and will not be considered further here. 

The significant group are the remaining half of 
the cases, where there is proof that there has been 
almost total destruction of the anterior lobe. The 
term ‘almost total destruction’ can be applied to 
cases where the size of the tuberalis remnant of 
the anterior lobe is from 1 to 5 c.mm, that is about 
1 to 2% of the original anterior lobe, allowing for 
the shrinkage in histological processing. These 
figures are based on actual measurements of the 
pituitary in 15 of the present series of cases of long- 
standing post-partum hypopituitarism which had 
gross scarring of the anterior lobe. Our previous 
estimates of the size of the remnants in these pitu- 
itaries were purely visual, but more recently we 
have made serial sections of the entire sella and 
have measured the actual volume of the pituitary 
remnants by a projection technique. 
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Hypertrophy and atrophy: The third question is 
whether the remnants seen at autopsy in these 
cases, twenty or thirty years after the original 
necrosis, have remained at the same size through- 
out that period. Is it possible that the pituitary 
remnants have a phase of regeneration, so that 
the pituitary could function better than it did 
immediately after the original necrosis? And, 
more important, is it possible that the pituitary 
remnants may atrophy after many years, and thus 
lose any function they may have had earlier ? 

This question of regeneration and subsequent 
atrophy is very significant because it could ex- 
plain the alteration in the clinical picture in an 
individual patient, assuming that function con- 
tinued pari passu with the size of the remnants. It 
is a difficult question to answer. However, as far 
as can be judged, the tuberalis remnant which is 
left a few days after the original necrosis probably 
continues unchanged in size throughout the rest 
of the patient’s life. 

The evidence depends on histological interpre- 
tation, which is of course rather uncertain. One 
source of information comes from the histological 
comparison of the tuberalis remnants in patients 
who die a few days after the occurrence of the 
original necrosis with the remnants in patients 
who die many years later. In both groups the 
remnants have the same range and frequency of 
sizes. Their shape is similar in the two groups. In 
the long-standing cases there are no recognizable 
changes in the remnants to suggest any progressive 
damage or atrophy, and there is no nodular 
appearance such as would suggest that there had 
been a stage of hyperplasia. 

On the other hand there is experimental evi- 
dence suggesting that, in animals, the pituitary 
can regenerate or develop hyperplasia to some 
extent. In an attempt to find out whether this also 
happens in man we have made a careful search 
for mitoses in 20 pituitaries with recent post- 
partum necrosis from 2 days to 7 weeks old, but 
we were unable to find any mitoses in the small 
areas of surviving parenchyma in any of them. 
A further search was made of 20 pituitaries with 
healed necrosis from 5 to 40 years old, and again 
no mitoses could be found in the pituitary rem- 
nants. This in itself does not exclude the possibi- 
lity that hyperplasia may occur, but it is in agree- 
ment with the absence of any other evidence of 
significant hyperplasia of the remnants. 


Histological appearances: In the normal gland, 
most of the cells in the pars tuberalis and pars 
interloralis are of chromophobe and amphophil 
types and there are only a few eosinophils and 
basophils. In the remnants of the parenchyma 
found at this site when there has been a large 
necrosis, the cell pattern is exactly the same; there 
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are only occasional eosinophil or basophil cells, 
and most of the cells are of chromophobe type. 
Furthermore, the cells in the remnant seem to be 
cytologically unchanged and any granular cells 
which are present have their usual appearances. 
This must not be interpreted as indicating that 
their function is normal. It seems probable that 
the cells in the remnant are working at their 
maximum capacity and are in a condition of per- 
manent overstrain. If so, the fact that our present 
cytological methods do not reveal any changes in 
the pituitary remnant is merely an illustration of 
the danger of interpreting histological appearances 
in terms of function. 


Possible function: What types of hormones are 
normally produced by the pars tuberalis and pars 
interloralis? In the normal gland the marked 
difference in the cytological pattern between this 
part and the remainder of the anterior lobe 
suggests that there may be some corresponding 
difference of function. However, little or nothing 
is known about hormone secretion by this part of 
the gland. Thus in a large post-partum necrosis, 
when only these parts of the parenchyma are left 
alive, it is an open question whether they are 
capable of secreting very small amounts of al[ 
the different trophic hormones or only of certain 
ones. One point is fairly clear. As the remnants of 
parenchyma are in the same tuberalis site in all 
the cases, it might reasonably be expected that 
the same type of deficiency of pituitary hormones 
would be present in all cases. This will be con- 
sidered again in the next section. 


The nasopharyngeal pituitary: This was examined 
in only 2 of the present cases. It had the same size 
and shape as in normal patients and, in particular, 
it showed no sign of hypertrophy. It is not known 
whether it has functions similar to those of the 
normal pituitary, nor whether it can influence the 
course of a chronic hypopituitarism. 


CLINICAL ASPECTS 

It might be anticipated that patients with a des- 
truction of 98 or 99% of the anterior lobe would 
have a corresponding reduction of the secretion 
of all the trophic hormones. However, certain of 
the patients retain some function of the adrenals, 
others of the thyroid, and others of the ovaries. 
The retention of function does not follow any 
regular pattern or time sequence; any one of the 
endocrine glands may be active and the others in- 
active without any apparent reason for the differ- 
ence. This statement is in disagreement with the 
views of various workers who say that there is a 
serial loss of pituitary functions; that the first 
organ to be affected is the gonad, then the thyroid, 
and lastly the organ which is most important for 
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life - the adrenal cortex. This concept seems to 
have been based mainly on tumours in the pit- 
uitary or the suprasellar region. 


Ovarian Function 

It is easiest to begin by considering the mainte- 
nance of function of the genital tract because this 
produces obvious manifestations. 

In any series of clinical cases of post-partum 
hypopituitarism there are always a few patients 
who give a history of having menstruated occa- 
sionally since the significant delivery, without any 
therapeutic cause. One naturally tends to discount 
these cases as having probably suffered only a 
moderate-sized pituitary necrosis, and in fact this 
is found to be the true explanation in a certain 
number. But, as has been emphasised, this present 
analysis is limited to patients who have finally 
been proved at autopsy to have only 1 or 2% of 
the anterior lobe remaining. In our own series of 
autopsies on patients with chronic hypopituitar- 
ism due to post-partum necrosis, there are 24 
which fulfil this criterion of almost complete des- 
truction of the pituitary. In the literature there are 
records of 88 autopsies where it may reasonably 
be accepted that the pituitary destruction was 
probably of the same order of severity. Analysis 
of the clinical records of these 112 cases reveals 
the following gynecological details. 

Seven of the patients had had very occasional 
uterine hemorrhages during the few years after 
the delivery. These hemorrhages may perhaps 
have been due to an atrophic endometritis or they 
may have been menstrual in type; it is impossible 
to be sure. 

Ten of the patients had had fairly definite true 
menstruation, though only scanty and very 
irregular. The intervals were usually two or three 
months and often up to nine or twelve months. 
This menstruation began a year or two after the 
delivery and continued sometimes for three or 
four years, or even until the patient was 40 or 45, 
but not after that age. Two of the patients had had 
a subsequent pregnancy. 

The obvious deduction in these cases is that 
there must have been some mistake, that the 
autopsy and histological findings cannot have 
been accurate, and, in particular, that there must 
have been more anterior lobe tissue remaining 
than the pathologist actually recognized. This is an 
attractive explanation but it does not seem to fit 
the facts. The clinical and autopsy findings in 
these patients with evidence of ovarian activity 
are essentially the same as in patients whose 
ovaries had shown no sign of function since the 
significant delivery. All the cases had the standard 
clinical history apart from the occasional menstru- 
ation. They had all lost their skin pigmentation. 
All but one of them had complete loss of pubic 
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hair; the exception was a patient who at the time 
of death had a scanty amount of hair on the mons, 
but she had had steroid therapy for the last year. 
As far as information is available, there were 
always the standard biochemical disturbances, 
such as the low basal metabolic rate, very low 
excretion of 17-ketosteroids, poor water diuresis 
and so on. Unfortunately it so happens that not 
one of these patients had had estimations of 
gonadotrophin excretion. Nearly all the patients 
died in the usual hypopituitary coma. 

Table 2 gives the autopsy findings. There are 


Table 2 


Size of target organs in relation to menstruation 
in the course of hypopituitarism 





Hypopituitarism 
with without 
Normal menses menses 
Anterior pituitary 170to 200 3-4 2:8 
(c.mm) 

Adrenals (g) 10to 15 4:7 3-7 
Thyroid (g) 2to 30 45 8-8 
Liver (g) 1,400 to 1,800 860 880 
Kidneys (g) 260to 320 190 180 
Heart (g) 260to 320 190 220 





accurate measurements of the pituitary remnants 
in only 3 of these patients who had menstruated. 
These show no significant difference from the 
measured size of the remnants in 12 patients who 
had not menstruated. The degree of atrophy of 
the adrenals, the thyroid and the viscera was the 
same, whether the patient had menstruated or not. 
From these figures it appears that there was just 
as great a deficiency of corticotrophin, thyro- 
trophin and somatotrophin in the patients who 
had some ovarian activity as in all the other cases 
of severe hypopituitarism. 

Nevertheless it appears that some gonado- 
trophin must have been produced, though 
possibly only in very small quantities and only at 
rare intervals. It is difficult to escape the conclu- 
sion that this gonadotrophin came from the small 
remains of pituitary tissue in the pars tuberalis 
and the pars interloralis. The alternative is that in 
certain people the ovaries may have some auto- 
nomy and may occasionally function indepen- 
dently of pituitary gonadotrophin. This idea is 
derived by analogy from the ability of the adrenal 
cortex to produce aldosterone without pituitary 
stimulation, from the ability of the thyroid to show 
some degree of recovery after surgical hypophy- 
sectomy and from the rare cases of thyrotoxicosis 
in patients with hypopituitarism or after hypo- 
physectomy. However, it seems more probable 
that the cause of the ovarian function is a slight, 
occasional activity of the tuberalis remnant. 

If this is the explanation it raises a dependent 
problem. As all these patients have a tuberalis 
remnant, why do they not all have some evidence 
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of ovarian function? The answer is probably that 
the sensitivity of the ovaries to very small amounts 
of gonadotrophin may vary widely from one 
patient to another. Everyone knows the difficulty 
of doing biological assay of gonadotrophins, even 
using special strains of mice which have been in- 
bred for generations. The human patients are from 
a mixed stock and far from being ‘pure Wistar’. 

One important question with regard to these 
women with occasional menstruation is whether 
it is related to ovulation or not. The endometrium 
and ovaries were examined in only two of these 
patients who had menstruated and were still under 
the age of 45. Unfortunately there is no informa- 
tion on the time in relation to the last menstrua- 
tion. One of these patients had a rather small 
uterus with very little endometrium whose appear- 
ances corresponded to those of a very old woman. 
The ovary showed only the standard primordial 
ova. The other patient had a uterus of normal size, 
with a moderately good endometrium which was 
apparently under cestrogen stimulation and 
could have passed as about the seventh day of the 
cycle. Her ovaries contained three follicular cysts 
about 5 mm in diameter, but these were atypical 
and possibly atretic, and there were no recent 
corpora lutea. Thus neither patient had any 
evidence of recent ovulation. 

Nevertheless there seems to be no doubt that 
ovulation can occur occasionally in some of these 
patients. This is shown by the fact that a subse- 
quent pregnancy can occur some years after the 
delivery at which the pituitary necrosis occurred. 
There are 2 cases in the literature in which subse- 
quent pregnancy occurred after a delivery in which 
there seems to have been gross necrosis of the anter- 
ior lobe (Farquharson et al. 1938, Case 2; Forster 
1954, Case 1). In neither of these two cases were 
the pituitary remnants measured and recon- 
structed, but it seems probable that they were very 
small because the adrenals and viscera were very 
atrophied. Nevertheless these remnants seem to 
have produced sufficient gonadotrophin to give 
rise to ovulation on at least one occasion. 


Function of Other Endocrines 
There are a few patients who have clinically quite 
obvious post-partum hypopituitarism but who, on 
biochemical examination, prove to have some 
continuing function either of the adrenal or of the 
thyroid. It would be of great interest to know how 
severe the pituitary necrosis had been, but no 
accounts seem to have been published of autop- 
sies in these cases. We have not performed an 
autopsy on a patient with clear evidence of re- 
tained adrenal function, but have done one on a 
patient who had continuing thyroid function. 
This patient had clinical and biochemical evidence 
of a very severe loss of function of her target 
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endocrines apart from the thyroid, but this 
showed signs of moderate activity and it was 
found to be of normal size at death. However, this 
case falls outside the scope of the present discus- 
sion because at autopsy it was found that the 
pituitary remnant was about 5 or 10% of the 
original anterior lobe. 


General Symptoms 

Quite apart from these cases with biochemical 
evidence of continuing thyroid or adrenal func- 
tion, there are a certain number of patients whose 
general clinical symptoms are, for a time, less 
severe than would be expected after a large 
necrosis of the pituitary. 

The ordinary course of post-partum hypo- 
pituitarism is that the patient never seems to 
regain her general health after the original necro- 
sis and gradually deteriorates to a condition of 
chronic ill-health. The clinical evidence of this 
may be summarized as mental apathy and indo- 
lence, physical weakness, marked sensitivity to 
cold, and absence of sweating. 

The anomalous cases considered here have a 
partial latent period for ten or twenty years before 
the full development of these general symptoms. 
During this latent period they are certainly not in 
good health but they are moderately interested in 
their surroundings, are able to do some of their 
housework andare not excessively sensitive to cold. 
A fairly high proportion have occasional uterine 
bleeding or irregular menstruation. From their 
general clinical symptoms it might be considered 
at this stage that they were suffering from only a 
partial hypopituitarism and that the original 
pituitary necrosis had been by no means complete. 
Then, after a few years, their general condition 
deteriorates and they show the fully developed 
clinical picture of hypopituitarism. This deter- 
ioration may occur at any time but is most com- 
mon about the age of 45 or 50. Occasionally the 
disease is recognized during the latent period, but 
usually the patient is first seen after the full de- 
terioration has developed and it is only by taking 
a careful history that we ascertain that there has 
been a latent period earlier on. It is very difficult 
to say how often this latent period occurs, but the 
incidence may be of the order of 10 or 15%. 

There are three possible explanations for the 
latent period and the subsequent deterioration of 
the general health: (1) One view is that the original 
necrosis had been incomplete and that the rem- 
nants of the anterior lobe had undergone atrophy 
when the patient was about 45 or 50. (2) Secondly, 
it might be postulated that the adrenals or the 
thyroid had only a moderate degree of atrophy 
throughout the latent period but that, at the end 
of that time, they became much more severely 
atrophied. (3) The third explanation is that some 
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hormone with an action similar to cortisone might 
be secreted during the latent period, but ceased to 
be secreted at about the age of 45. 

Unfortunately, very few of the patients had 
been subjected to careful endocrine investigation 
during the latent period. However, there is a little 
autopsy evidence that bears on the matter. In our 
own series there are 5 patients who died between 
the ages of 33 and 39, and thus relatively early 
after the original necrosis. One of these was cer- 
tainly in the latent period at the time of death; 
she had been able to do her housework up to the 
onset of her terminal pneumonia and she had 
continued to have occasional menstruation. Three 
of the other patients had at any rate not developed 
the full general symptoms that we see in older 
women. Thus this group can be accepted as hav- 
ing been probably in the latent period at the time 
of death. 

The pathological findings.are shown in Table 3. 
The differences between this group of young 


Table 3 
Size of target organs in relation to partial latent period 
during the first few years of hypopituitarism 





Hypopituitarism 


Normal Age 33 to 39 Age 40 to 70 
Anterior pituitary 170to 200 3°5 2:7 
(c.mm) 
Adrenals (g) 10to 15 50 40 
Thyroid (g) 20to 30 5:8 73 
Liver (g) 1,400 to 1,800 1,070 840 
Kidneys (g) 260to 320 190 180 
Heart (g) 260to 320 190 210 





patients and the group of older patients are trivial 
and within the ordinary scatter of individual cases. 
They all show about the same degree of atrophy of 
the endocrines and the viscera, so that it may be 
assumed that there was the same deficiency of 
trophic hormones in the two groups. In the par- 
ticular case of the patient who was certainly in the 
latent period, the pars tuberalis remnant was 
slightly under 5 c.mm in volume, the thyroid 
weighed only 2 grams and consisted almost en- 
tirely of fibrous tissue and the two adrenals to- 
gether weighed slightly less than 2 grams. Thus 
the partial latent period cannot be due to the re- 
tention of large pituitary remnants, nor to less 
atrophy than usual of the adrenals and the thy- 
roid. These two very reasonable explanations for 
the latent period do not agree with the facts. 

The third explanation is that some hormone 
might be secreted which gives rise to the latent 
period by protecting the patient to some extent 
from the effects of the deficient function of the 
adrenals and thyroid. It must be emphasized that 
the following remarks are extremely speculative 
and have no biochemical evidence to support 
them. They arise from the fact that the latent 
period is most common in patients who have 
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occasional uterine bleeding or menstruation. The 
possibility has been mentioned earlier that these 
patients have ovaries which seem to respond to 
tiny traces of gonadotrophin and are presumably 
able occasionally to excrete a little ceestrogen. The 
question is whether the ovaries may also be cap- 
able of secreting some other hormone which 
affects the general clinical condition of the patient, 
and whether this might possibly be an androgen. 
In the days before cortisone was available we used 
to try various treatments on patients with hypo- 
pituitarism. (Estrogens never seemed to affect 
the general symptoms in any way. On the other 
hand, testosterone used to produce a definite 
subjective improvement in about half the 
patients; this corresponded to the improvement 
that would be expected nowadays from the 
administration of about 3 or 4 mg of cortisone a 
day. The other half of the patients showed no 
general improvement when given quite big doses 
of testosterone. Presumably those who responded 
were able to metabolize some of the testosterone 
to products which had effects similar to cortisone. 
These known effects of androgenic therapy raise 
the question whether the latent period might be 
due to the secretion of an androgen by the ovary. 

There are two points which suggest that this 
hormone might be produced in the ovary: (1) In 
all patients with post-partum hypopituitarism 
the primordial ova persist in the ovary until the 
patient is about 45. Then they all disappear in a 
kind of histological menopause (Sheehan 1953). 
In this particular regard, the ovary is obviously 
autonomous and not under pituitary control. It is 
conceivable that there might be some relationship, 
possibly very indirect, between the presence of the 
primordial ova and the secretion of the hypo- 
thetical ovarian hormone. This would accord 
with the fact that the latent period commonly ends 
at the time that the primordial ova disappear. 
(2) The second point linking the ovary to the de- 
layed onset of general symptoms is that quite 
commonly the patients who are in the latent 
period also have occasional menstruation during 
that time. 

The entire explanation is of course highly 
theoretical. Nevertheless it is mecessary to 
theorize along lines such as this when a patient 
with post-partum hypopituitarism dies suddenly 
when she is actually in the latent period and is 
found at autopsy to have not only an almost com- 
plete destruction of the anterior pituitary but also 
an extremely severe atrophy of the adrenals and 
the thyroid, though her ovaries and uterus are 
almost normal in size. 
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Some Surgical Problems of 
the Cervical Spine 


by Professor Lambert C Rogers CBE vRD FRCS 
(Cardiff ) 


It is probably true to say that the cervical part of 
the spine has received more attention than any 
other region of the vertebral column since the 
great wave of interest in lumbar disc lesions 
reached its height in the late 1930s. This is no 
doubt due to the frequency of lesions of the lower 
cervical intervertebral discs and the accompanying 
boriy changes with which they afte sometimes 
associated, the whole constituting the condition of 
cervical spundylosis. This region of the spine has 
problems for neurological, orthopzdic, and pedi- 
atric surgeons as well as for general surgeons. 

It is curious that the cervical spine in mammals, 
whether their necks be as long as that of the giraffe 
or as short as that of the woolly bear, consists of 
seven and only seven vertebrae. The only excep- 
tions are the dugong, manatee, or sea cow which 
with one of the sloths (Hoffmann’s) has only six 
while one of the three-toed sloths (Bradypus tridac- 
tylus) has nine. As far as I am aware no human 
subject with eight cervical vertebrz has been dis- 
covered by X-ray, though in other regions of the 
spine it is by no means uncommon to find varia- 
tions in the number of vertebra. Although the 
number of the cervical vertebrz is constant, varia- 
tions such as fusions, hemivertebre and abnorm- 
alities of spinous processes are more commonly 
seen in this part of the spine than elsewhere in the 
vertebral column. 

The cervical spine is the most mobile region of 
the spine, the only part where spontaneous dislo- 
cation between its elements may cause sudden 
death, and finally it is the only part of the spine 
where the degenerative changes of advancing age 
may bring about paralysis. 


Anatomical: The dura mater in the cervical region 
is thickest at the cervicocranial junction and over 
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the uppermost cervical vertebrz. I have constantly 
noticed this, yet many anatomical textbooks state 
that the two-layered cranial dura here becomes a 
single layer, the outer layer passing out to become 
the epicranial periosteum, so that we might expect 
the spinal dura to thin out in this region. The peri- 
osteum of the cranial bones is only loosely 
attached to the dura at the margin of the foramen 
magnum. The thickness of the dura must be in 
part due to its vascularity and it is possible that 
the false picture in many anatomical texts is due 
to anatomists having been misled by making their 
observations from dissecting room specimens. I 
find that the cervical dura can be as easily split into 
two layers as can the corresponding cranial 
membrane. 

In the cervical region there is an absence of the 
epidural fat which is so prominent a feature in the 
thoracic and lumbar regions and although meta- 
static malignant disease is comparatively rare in 
the cervical as compared with the thoracic region, 
the dura mater here resists invasion by it, just as it 
does elsewhere in the spine, a fact to which I have 
several times drawn attention (Rogers 1957, 
1958). In this property the dura mater has some 
resemblance to splenic tissue but the dura is 
merely a fibrous membrane and we must conclude 
that the resistance is due to some chemical content 
of the cell, the nature of which, were we but to 
know, might possibly take us some way to un- 
ravelling an important problem of malignant dis- 
ease. I have frequently observed much destruction 
of adjacent bone and invasion of muscle and con- 
nective tissue by malignant disease, but with the 
dura intact and easily separated from the 
carcinoma. 


Congenital anomalies: Surgery has little to offer in 
congenital anomalies of the cervical spine but 
decompression and evacuation of cystic cavities in 
cases of hydromyelia and syringomyelia have 
produced gratifying improvement in some cases 
and if there is evidence of compression these pro- 
cedures are indicated. There is recent evidence 
that intramedullary tension may be lowered by 
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dividing slips of the dentate ligament on either 
side of the cord and this has been applied with 
some success to vascular anomalies which cannot 
be removed. 


Tumours: Neoplasms are less frequent in the 
cervical spine than they are in the thoracic part of 
the column. Of a series of 137 spinal tumours 
which I have operated upon 20 were in the cervical 
region. There is only one variety of tumour which 
I propose to mention, the neurinoma or neuro- 
fibroma, the intrathecal extramedullary variety of 
which is the commonest of the benign spinal 
tumours, occurring only slightly more often than 
the meningiomas and its slightly increased overall 
incidence being dependent upon its preponder- 
ance in men. 

Thirty years ago, in August 1930 (Rogers 1931), 
| removed one of these nerve sheath tumours from 
the upper cervical region of the second engineer, 
aged 23, of a ship in the Cardiff docks. The 
tumour originated from the sheath of the second 
cervical nerve on the right side, lay in front and 
slightly to the right of the cord and reached as far 
as the foramen magnum. It weighed 9-5 grams. 
Symptoms had begun five months before when the 
patient noticed that he was unable to grip a ham- 
mer properly with his right hand which was grad- 
ually becoming weaker. The weakness extended to 
his whole arm and then his right leg so that he 
began to drag his foot when walking. In time the 
other arm and leg were involved and there was 
some sensory loss. At the time of operation he was 
tetraplegic but after removal of the tumour he 
made a complete recovery and returned to sea. 
Later he came ashore and worked with the rail- 
ways and I see him from time to time. The inter- 
esting thing is that although there has been no re- 
currence of this tumour and the patient remains 
fit and well, over the last seven years he has devel- 
oped an extensive crop of neurofibromata over 
his chest, abdomen, back and neck. If we regard 
the spinal tumour as of this character it was an 
early and solitary manifestation of a generalized 
phenomenon which has taken over twenty years 
to manifest itself. 

As there is still a dispute among pathologists 
as to whether there is any real difference between 
neurinoma, Schwannoma or neurilemmoma, and 
neurofibroma, the reports on this tumour and the 
appearance of Recklinghausen’s disease over 
twenty years later may be of some interest. When 
the tumour was removed in August 1930 it was 
reported as ‘consisting of loose myxomatous 
fibrous tissue and was devoid of nerve cells or 
nerve fibres. It was apparently a myxofibroma 
arising in connexion with the sheath of the issuing 
nerve’. Thirty years afterwards, in July 1960, a 
further section was cut from the block in which 
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the tumour was embedded and I am indebted to 
my colleague, Professor Jethro Gough, who has 
reported, ‘Nerve sheath tumour. Prefer to call it 
neurofibroma rather than neurinoma’. 

The first successfully removed spinal tumour, 
the classical case of Sir Victor Horsley in 1887, 
was almost certainly of this type, the tumour like 
that from the marine engineer being called a 
myxoma, but the evidence is strong as it was 
adherent to the fourth thoracic nerve root which 
Horsley had to divide in order to remove it and it 
was partly cystic. Unfortunately it is not possible 
to verify the histology because the tumour was 
destroyed with other specimens on May 10, 1941 
by high explosive from an enemy aircraft when 
the museum of the Royal College of Surgeons was 
hit. 

A particular type of spinal neurofibroma which 
is not uncommon in the cervical region is the 
dumb-bell or hour-glass tumour which has intra- 
and extra-spinal parts with an intervening pedicle 
or isthmus in an intervertebral foramen. I have re- 
moved several of these tumours and merely men- 
tion them to recall the fact that the first successful 
operation for one of them, also took place in this 
country. This was at Manchester in 1888 by 
George Arthur Wright and the case is related in 
that classic of William Thorburn’s, ‘A Contribu- 
tion to the Surgery of the Spinal Cord’, published 
in 1889. The surgery of spinal tumours is both 
fascinating and gratifying. There can be few satis- 
factions in surgery greater than seeing a patient 
who has been sick of the palsy take up his bed and 
walk, and this has been my happy experience in a 
number of the patients who constitute my series of 
137 cases. 

Diagnosis of spinal tumours is rarely over- 
looked to-day when myelography and other aids 
to diagnosis are available, but the clinical picture 
presented by them may resemble other lesions and 
we should always keep the possibility of spinal 
tumour in mind in making a differential diagnosis. 
Thirty years ago they were often overlooked 
under a diagnosis of disseminated sclerosis and I 
well remember removing tumours from patients 
who had been presented as typical cases of that 
disease. Even to-day mistakes occasionally occur 
and only last year I removed a meningioma from 
the upper thoracic region of an elderly consulting 
engineer who had both bony and intervertebral 
disc changes in his cervical spine which had led a 
well-known London neurologist to diagnose cerv- 
ical spondylitis as the cause of his paraparesis and 
overlook the tumour with consequent delay in 
treatment. At the time of the operation his symp- 
toms had progressed and he was so paraplegic 
that he had had to take to a wheel chair. I am 
pleased to say that although he is in the early 70s 
he nevertheless gradually made a complete 
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recovery, being able to discard first his wheel 
chair, then his two sticks, and he is now able to 
lead a normal life again. 


Atlanto-axial dislocation: This dislocation may 
occur spontaneously or follow such a minor 
injury as to indicate that it is the result of disease. 
It may confront the surgeon with a problem call- 
ing for an urgent answer to preserve life. The 
transverse ligament stretched across the back of 
the odontoid process of the axis and passing from 
the lateral mass on one side of the atlas to that of 
the other side is the most important ligament in 
the body since upon its integrity life depends. It is 
never ruptured by injury alone (Greig 1931, 
Wood Jones 1913, Werne 1957) but if it carries 
away as it may do by disease destroying its bony 
attachments and the head is then flexed, the atlas 
moves forward on the axis and the medulla and 
upper part of the spinal cord may be crushed be- 
tween the odontoid and the posterior arch of the 
atlas. In some cases, particularly in children and 
adolescents with suppurative infection in the 
posterior pharyngeal region, hyperemia may 
soften its attachments and so relax the ligament 
(Greig 1931, Watson-Jones 1932) that subluxation 
occurs. When this takes place the dislocation is 
usually eccentric producing a rotation of the head 
with torticollis. Mild extension of the neck with 
rest in bed and treatment of the infection usually 
result in complete relief. Tragic cases of sudden 
death from medullary compression have been 
seen in cases of disease involving the attachments 
of the ligament, some of the earliest being the 
classical cases recorded by Charles Bell (1830) and 
John Hilton of Guy’s (1841: see Hilton 1920). 
Disease such as rheumatoid arthritis may by the 
bony changes which it produces part the ligament 
from its attachments and be a cause of sudden 
death and a neurological colleague has told me of 
two instances of this. When therefore, Dr. 
Kenneth Lloyd referred a middle-aged banker, 
under his care for rheumatoid arthritis but who 
was developing signs of compression of the cord 
and in whom X-rays revealed an atlanto-axial dis- 
location, it was apparent that something had to be 
done urgently. The operation which we devised 
has apparently solved the problem. With the 
anesthetized patient fully prone and the head in 
the neutral position between flexion and exten- 
sion, a midline incision was made to expose the 
undersurface of the occiput and the laminz of the 
upper three or four cervical vertebrz. The disloca- 
tion was then easily reduced by pulling the atlas 
back on the axis until the anterior atlantal arch 
was in apposition with the front of the odontoid 
peg; two steel wires were then passed between the 
dura and the posterior arch of the atlas and the 
bones anchored in this reduced position by thread- 
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ing the wires through a hole drilled through the 
massive spinous process of the axis and tightening 
them up sufficiently to keep the dislocation re- 
duced. Bone chips from the iliac crest were then 
used to fuse the roughened undersurface of the 
occiput to the roughened posterior arches of the 
atlas and upper cervical vertebre. 

Surprisingly enough there appear to be very few 
published procedures for dealing with the disloca- 
tion, though I have heard of early fusion being 
wisely carried out by some surgeons and I know 
of at least two successful cases performed by Mr. 
Philip Newman. In 1949 Titrud and his colleagues 
in the United States published a successful case in 
which they performed a two-stage operation but 
without reducing the dislocation; a laminectomy 
was first performed to relieve the compression of 
the cord and then some months later fusion was 
carried out; but an operation which reduces the 
dislocation, avoids a laminectomy, and is a one- 
stage procedure would appear to have advantages. 
The object of the wiring is to maintain the reduc- 
tion while the graft is consolidating. It was thought 
unwise to depend upon wire alone lest in the 
course of time it should break and disaster be 
sudden. 


Cervical spondylitic myelopathy: What can be done 
for the patient with cervical spondylosis who is 
showing signs of involvement of his spinal cord? 
It has been shown by Ritchie Russell and his 
associates (1952), O’Connell (1956) and others 
that the myelopathy is not due to sustained com- 
pression but is rather the result of repeated injury 
which takes place during movements of the neck, 
either to the cord itself or to the anterior spinal 
artery by hard bars produced by the degenerative 
discs in front of the cord. The discs involved are 
usually those between C5—C6 or C6—C7. While 
complete rest in a Minerva plaster jacket may 
relieve symptoms and enable recovery to take 
place in early cases, the condition is usually pro- 
gressive and the changes in the cord may be com- 
pared with those which take place in the brain in 
the ‘punch drunk’ as the result of a series of in- 
juries, changes which in time become irreversible. 
It is impracticable to remove the hard bars, since 
doing so jeopardizes the cord. For this reason it 
appeared desirable to devise an operation which 
would avoid attacking the bars, be more than 
merely a local decompression, the results of which 
were sometimes disappointing, and at the same 
time remove the possibility of further contusion 
of the cord with movements of the neck. The 
problem appears to have been solved by perform- 
ing complete cervical laminectomy, mobilizing the 
whole length of the cervical cord by dividing the 
line of attachment to the dura mater of the dentate 
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ligaments on either side of it and expanding the 
cervical spinal canal so that the cord can have 
freedom of movement within it. This expansion 
can be achieved by leaving the dura open and 
suturing together the postvertebral muscles of 
either side at a little distance from the open dura. 
Means must be taken to prevent the exposed cord 
becoming adherent to its surroundings. At first 


we used fibrin film to roof in the tunnel but later’ 


discovered that it failed to isolate the cord and 
became adherent to it. In his Horsley Memorial 
Lecture on ‘The Insulation of the Nervous System’, 
Wilfred Trotter (1926) emphasized the function of 
the cerebrospinal fluid in providing neural isola- 
tion and so far as I know cerebrospinal fluid is, up 
to date, the only effective insulating material for 
the nervous system. To make use of the fluid for 
this purpose we now nurse our patients head 
downwards for a few days so as to keep the tunnel 
in which the cord lies filled with the fluid and the 
mobilized cord thereby isolated. We have found 
this a successful solution to the problem and the 
operation a useful one in arresting the downward 
trend otherwise so often seen once cord changes 
begin to appear in these cases. 

I have now performed the operation 37 times on 
33 patients whose ages have varied from 38 to 72, 
24 men and 9 women. There have been no deaths 
and the results have been encouraging though it is 
not yet seven years since our first operation. In 
one advanced case, early in the series, three opera- 
tions were performed. Improvement followed the 
first operation but further deterioration occurred 
and this was not improved by subsequent re- 
exploration. It was this case which illustrated the 
failure of fibrin film to isolate the cord. 
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A question which may be asked by some who 
are not very familiar with the operation of cervical 
laminectomy, is whether the removal of all the 
lamine in this mobile part of the spine weakens it 
or interferes with its mobility. This is a reasonable 
enquiry as I have known even a neurosurgeon who 
was not familiar with the complete operation 
reported as saying that a patient who has it would 
ever afterwards need to wear a supporting collar. 
I can say definitely that this is not so, provided 
only that the muscle masses are not over-heavily 
retracted nor the zygopophyses damaged. After 
all, the laminz including their spinous processes 
are merely bony neural arches which are some- 
times congenitally deficient and the muscular 
attachments to them are not functionally so 
important that they cannot be replaced by the 
midline approximation of the sacro-spinales on 
either side. Within a few weeks of the operation, 
movements are full and there is no subsequent 
weakness. 
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British plastic surgery was born in the Cambridge 
Military Hospital, Aldershot, in 1915. The ack- 
nowledged Father is Sir Harold Gillies, whose 
recent death will be mourned by all. 

Plastic surgery is primarily concerned with 
function and secondarily with appearance. In 
A.D. 600 King Aethelbert of Kent introduced a 
system of fines for wounding. Should a person 
cause a wound where it was exposed to view the 
fine was double the amount which was levied for a 
wound hidden within the hairline. Disfigurement 
was a consideration even in those bygone days. In 
modern practice, if a blemish is a genuine cause of 
distress, disability or disfigurement its alleviation 
is part of our duty as surgeons, which is not com- 
promised by our being officers of the Armed 
Forces. 

In 1952 I read a short paper to this Section 
analysing 1,000 consecutive plastic surgical opera- 
tions performed between 1947, when the wartime 
burn and plastic centres closed, and 1951 (Morley 
1952). 

By January 1, 1953, Air Ministry approved the 
rehabilitation of a separate building at Halton to 
form a Plastic Surgery Centre of 60 beds, self- 
contained for plastic and dental surgical practice. 
Group Captain W O Baird, MBE RAF Principal 
Specialist in Dental Surgery, is based there and 
there are two assistant medical officers. This paper 
is based upon experience in this Centre. 

We keep our own records, clinical notes and 
photographs. Urgent cases are admitted forth- 
with, constituting 50°% of admissions. No patient 
of any Service who has required treatment has 
been refused admission. There are no clinical 
directives on this specialty; lectures are delivered 
as routine training to Medical Officers on joining 
the Service, on appointment to permanent com- 
mission, and on periodic refresher courses. 


Meeting October 3 1960 


Paper 


In seven and a half years, ending June 30, 1960, 
2,630 patients were registered — one patient per 
diem. 

The source of patients is chiefly the Royal Air 
Force (Table 1). 18% are female: we have regular 
women’s Services and families who do not always 
find it easy to obtain civilian treatment. Waiting 
lists in this specialty are long and families get 
moved around. 


Table 1 


Royal Air Force Plastic Surgery Centre 





Period under consideration: January 1 , 
1953, to June 30, 1960 
Total Number of Patients — 2,630 


Royal Air Force and families 93% 


Royal Navy and families 0-43% 
Army and families 1-84% 
Other Services and families 17% 
Civilians 30% 
Female patients 18-0% 


National Servicemen 


181% 
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The annual rate of intake has been steady, and 
the gross totals have increased despite the diminu- 
tion of National Service (Fig 1). 

The clinical conditions treated are \ed by the 
repair of trauma (Table 2). 





Table 2 
Conditions treated 

as ’ Burns 15-0% 
Injuries 61:0%4 Other injuries 46-0°% 
, .302f Benign 78% 
Neoplasms 10-3% Malignant 25% 
Congenital 100%, 
Inflammatory 7:0% 
Dupuytren’s 37% 
Degenerative 30% 
Notanalysed 5-0% 





The attributability of the injuries should not dis- 
courage us from taking our leave (Table 3). 


Table 3 


Cause of injury 





Aircrash 26% 
Other duty 26°6%, 
Games 64% 
Off duty 64-4% 





Plastic surgical operations number 3,274. The 
annual totals are shown in Fig 2 and the dental 
surgical operations are added to indicate the 
total work of the Centre. Of these operations only 
39 have been performed by the Civil Consultant 
to the RAF, now Mr Percy Jayes, and these 
mostly the repair of cleft lips and palates in 
infants. 

No differentiation is made between major and 
minor operations. Albucasis, who died about 
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1013, is reported as holding that ‘Surgical opera- 
tions are of two kinds, those that benefit the 
patient and those which usually kill him’ (Bishop 
1960). The minor operation of removing a pig- 
mented mole under local analgesia without mak- 
ing a histological check comes into the second 
class. The error is in failing to use the microscope 
because the condition and operation are minor. 
Malignant melanomata are treated by wide exci- 
sion, including deep fascia, under cytotoxic cover. 
Repair has been by skin grafting. 


FACIAL WOUNDS 

Facial wounds require special care and are usually 
handed over to the plastic surgeon. These have 
varied from relatively simple conditions to those 
of the greatest complexity as a result of explosions 
and burns. Their repair demands all the resources 
of the specialty. 


Skeletal Surgery of the Face, or facial ortho- 
pedics, is insufficiently taught in our medical 
schools. Few doctors joining the Service display 
knowledge of the diagnosis and treatment of 
facial fractures: yet in this Mechanical Age such 
fractures are increasing amongst civil and Service 
populations and the disabilities are considerable. 
It is a field demanding the closest co-operation 
between fully trained dental and plastic surgeons 
who must work together confidently and com- 
patibly. 

Space does not permit a detailed description of 
this aspect of our work; let it suffice that mal- 
united fractures occur in both civil and Service 
hospitals and that they need open reduction and 
accurate fixation, otherwise considerable dis- 
ability results. 

The clicking temporomandibular joint requires 
an appliance and training rather than surgery. We 
agree that there is no intra-articular surgery of 
this joint. 

We treat unilateral and bilateral cases of re- 
current dislocation of the temporomandibular 
joint by capsulotomy, repositioning the lateral 
ligament and the insertion of the external ptery- 
goid so as to limit extreme excursion of the joint 
and maintain the meniscus upon the condylar 
head. 

Tumours of the mandible have included chon- 
drosarcoma, requiring hemi-mandibulectomy, 
and osteoclastoma, with local resection and bone 
graft. 

Prognathism, with open bite, leads to inade- 
quate mastication, and diction is often indistinct. 
We use the precise, two-stage ostectomy of the 
body of the mandible to restore the teeth to occlu- 
sion in a pre-determined position of maximum 
efficiency. Union is obtained in five to six weeks, 
using cancellous bone chip grafts. 
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Retrognathism, or ‘bird-face’, is usually purely 
cosmetic; a build-up of chin and reduction of sub- 
mandibular tissue improves appearance tremen- 
dously. 


The Nose: The ‘dorsum’ is formed by the anterior 
margin of the septum which is held centrally by 
the two nasal bones and lateral cartilages. 


Collapse of one nasal bone carries this edge of 
the septum over towards the same side and, as the 
septum is fixed above and below, it must either 
spring into an S-shaped curve or dislocate from 
the maxillary groove in which it normally rests. 
There it will stay until the nasal bone is reduced 
and the septum is centralized. 


Fractures of both nasal bones may crush the 
septum posteriorly into a sharper curve or frac- 
ture it vertically and then ‘sandwich’ it within the 
airway. Obstruction is usual and sinusitis fre- 
quent. 


Submucous resection of the septum removes the 
thickened cartilage and bone spurs from the main 
airway, but the anterior margin is still displaced 
and the upper part of the septal cartilage remains 
twisted. If the whole of the anterior septal carti- 
lage is removed, the ‘dorsum’ and nasal tip 
collapse; this can also result from chondritis 
following infection of a hematoma of the septum. 
The patient will have reason to complain of his 
appearance and a persisting nasal obstruction 
which can be relieved by elevating the tip of his 
nose with a bone graft. 

All the Services and an increasing civilian popu- 
lation are flying more and more, and a good nasal 
airway with efficient sinus drainage is of tremen- 
dous importance. Obstruction or infection pre- 
disposes to sinus and otitic barotrauma. 

Aircrew are subjected to greater requirements 
of pressure adjustment in the nose and sinuses, 
and have to wear oxygen facepieces. If the bridge 
of the nose is abnormally high, or humped, an 
oxygen mask will bear heavily upon it and soon 
become intolerably painful; pressurized oxygen 
will escape over the cheeks, a very serious matter. 
On the other hand a low, saddled nasal bridge 
will allow oxygen to escape upwards over the 
forehead. It is not always easier to do the obvious 
and supply a special mask for, if it becomes un- 
serviceable, it may not readily be replaced from 
stores — and the aircrew member may be grounded. 
Sometimes it has been advisable to reduce such a 
nose to normal proportions. 

In our experience of treating 270 noses, 137 
have been formally refractured, 59 needed bone 
grafting, and 57 came to full nasal reduction. In 
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only 12 instances recent fractures were simply 
repositioned without having to be refractured. In 
57 cases the correction of the external nose fol- 
lowed, during the same operation, resection of the 
distorted septal cartilage by my E.N.T. colleague, 
Wing Commander Peter King, whose close co- 
operation I gladly acknowledge. 


Fractures of the Malar, or Zygomatic, Bone may 
be disguised by oedema, until too late for easy 
reduction. Fracture-displacements of the body 
may displace the globe of the eye or simply upset 
its power of convergence. The zygomatic arch can 
obstruct the coronoid process of the mandible and 
end in preventing movement of the jaw — trismus. 
Involvement of the infra-orbital nerve benumbs 
the cheek and upper lip. Yet, despite these symp- 
toms, a fracture is often not diagnosed or, if it is, 
is considered to ‘require no treatment’. 

Diagnosis is straightforward: a subconjunctival 
hemorrhage continuous to the lower fornix and 
an unexpected opacity of the maxillary antrum 
should indicate closer inspection of the X-ray 
picture and of the patient to reveal the fracture. 

In most cases reduction is simple, using the sub- 
fascial temporal leverage devised by Gillies. Less 
frequently it is necessary to reduce by opening and 
packing the antrum. But rarely has it been found 
necessary to resort to pins and wiring to secure 
reduction. 

With an experience in this series alone, of 93 
cases, I advise reduction when in doubt. Occasion- 
ally a tardy infra-orbital neuralgia develops in un- 
reduced cases, requiring a tricky decompression 
of the canal. 

Rarely a sudden compression of the front of the 
orbit may rupture the inferior orbital plate with- 
out damaging the eye or fracturing the inferior 
orbital margin. Enophthalmos and an opacity of 
the upper part of the antrum may be the only 
signs and the treatment is to push the orbital fat 
back into the orbit by packing the antrum. 


Severe Fractures of the Middle Third of the Face 
especially if associated with cerebrospinal rhino- 
rrhoea, should be reduced forthwith, under a cover 
of sulphonamide. Too often, a dental surgeon 
who urges early reduction is elbowed aside by the 
surgeon who fears it may damage the brain. 

We have in this series treated, or had under our 
care, 17 cases. My experience is that early reduc- 
tion may cause the flow of C.S.F. to cease and 
save a subsequent operation by a neurosurgeon 
to seal off the leak through the lamina cribrosa 
from above. In addition we have 7 cases of 
repair of skull defects and re-establishment of the 
floor of the orbit by bone grafts. 
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Basal Cell Carcinomata or Rodent Ulcers are fre- 
quent and notoriously aggressive tumours of the 
face. Radiation therapy is yielding place to plastic 
surgery on both sides of the Atlantic, more par- 
ticularly in the early stages. Complete extirpation, 
without restraint by the problem of repair, offers 
a more conclusive treatment in many cases than 
the rather empirical, though highly skilled, 
irradiation. We have 52 histologically proven 
cases treated surgically and repaired by local flaps, 
free skin grafts or composite chondro-cutaneous 
grafts. 


Our proven malignant cases are: 


Rodent ulcers 52 
Malignant melanomata 12 
Other malignancies 16 


total 80 cases. 


THE TREATMENT OF BURNS 

Even in peace time burns account for 15% of our 
intake — 360 cases, both early, intermediate, and 
late cases for repair. Part of our role has been to 
advise upon the early management of these casual- 
ties by relatively inexperienced medical officers, 
under the most varied conditions possible in any 
part of the world. As part of our work, the Air 
Ministry pamphlet ‘First Aid and Early Treat- 
ment of Burns in the Royal Air Force’ was pub- 
lished in 1957 (Morley 1957), and a paper on 
‘Thoughts on Burns from Thermo-Nuclear 
Weapons’ was published in 1959 (Morley 1959). 
These could not have been presented, for what 
they are worth, without the experience of these 
cases collected into one centre for treatment. 

The face and hands still dominate treatment 
and we still favour the saline bath for cleaning-up 
infected burns and other wounds where skin is 
lost, in preparation for skin grafting. In one year 
since a new bath annexe was added to our Centre, 
700 treatments have been given. 

In the hand, the utmost conservation of tissue 
is observed, most especially of finger tips when 
sensation is not lost. In some cases it may be 
better to have short, sensitive fingers than long 
numb ones — there is an instance where such a 
miniature hand helps to earn a living in nursing. 

In late cases, contractures are to be released, as 
in the fingers and thumb, by excision and full 
thickness free skin grafting — again preserving the 
sensation of the finger tips. 

Experience with electrical burns confirms that 
free skin grafts, which have been called ‘epithelial 
parasites’, may not survive upon the damaged 
blood supply of the base. Pedicle flaps with inde- 
pendent blood supply are to be preferred in most 
instances. 
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The ghastly burns of young children in avoidable 
domestic accidents are tragic. In the Services I 
feel we ought to advise upon the safety of fire- 
places and electrical appliances, urge that pyjamas 
replace the flaring nightdress, and ensure that 
kitchen sinks are designed close to stoves — so 
that mothers do not carry scalding saucepans 
across a floor strewn with toddlers and their toys. 

Not many surgeons have great experience of 
serious cold injury and frostbite: in cold climates, 
people ‘learn to live with the cold’. 

A navigator evacuated an aeroplane at 56,000 feet 
by ejection seat, followed by a free drop through the 
stratospheric temperature of —56° C, without gloves 
and with only the emergency oxygen supply. He pro- 
vided an unusual example of rapid, intense freezing. It 
was followed by rapid warming in front of a farmhouse 
fire, and we received him three days later. 

The extent of the injury was small probably due to 
the smaller intracellular crystal formation on sudden 
deep freezing. He soon returned to full flying duty 
without subsequent disability. 

In both the burned hand and the frozen, I 
advise the surgeon to keep his scalpel in the cup- 
board and let Nature determine the recovery of 
tissues without adding a surgical insult to injuries 
already received. 


THE HAND 

Experience gained in reconstruction of burned 
hands led to most of the reconstructive surgery of 
the hand being sent to our Centre. Table 4 is the 
record of cases where function of the hand has 
been involved. 





Table 4 
Hand function affected 
Cases 
Burns 134 
Tendons: Flexor 167 
Extensor 48 215 
Dupuytren’s 85 
Finger tip loss 86 
Miscellaneous 196 
Deep forearm lacerations 78 
794 
Note: 


Median and ulnar nerve sutured 73 
Digital nerve in palm and digits 40 





Dupuytren’s contracture, of which we have 90 
cases and 120 operations, is a condition of which 
the cause remains obscure. The Ministry of Pen- 
sions regard these as not pensionable, probably 
rightly. A specific history of aggravation may be 
conceded. Last year Mr. Patrick Clarkson collect- 
ed the experiences of many surgeons known to 
treat this condition, including our cases. His con- 
clusion was that ‘trauma could be a precipitating 
factor in predisposed patients’ (Clarkson 1959). 

















Campylodactyly, a congenital contracture of the 
fingers, may be confused with Dupuytren’s con- 
tracture. It is sometimes associated-with manifes- 
tations of Raynaud’s disorder, especially in 
females, and is rare but well recognized. I have 
seen about eight cases, only one with Raynaud’s 
symptoms. Treatment should only be undertaken 
if the contracture is more severe than is usual. 

There have been 53 sutures of flexor tendons in 
the hand and fingers, and 133 free tendon grafting 
operations. I have little to add to the review I pub- 
lished in 1956 (Morley 1956). 


Is surgery of the hand properly included in a 
paper dealing with plastic surgery? The Hand 
Surgeon’s Club and the Second Hand Club are 
comprised almost equally of orthopedic and 
plastic surgeons. Mr Benjamin Rank, plastic sur- 
geon of Melbourne, writes 


‘Let it not be thought that the description of a Plastic 
Surgeon, or of any other, is a sine gua non of profi- 
ciency in this work. What we do say is that the know- 
ledge and technique of one properly trained in plastic 
surgery is a very good basis, indeed a flying start, for 
one who is prepared to pursue this work, given the 
scope and opportunity to do so. There is little place in 
modern surgical endeavour for the occasional meddler 
in this field’ (Rank & Wakefield 1952). 


Professor J I P James, Professor of Ortho- 
pedic Surgery at Edinburgh, writes ‘More failures 
in recovery of injured hands are due to amateur 
surgery than to the original wound’ (James 1960). 

I condemn delay in referring cases to hand sur- 
geons for definitive repair and a morbid curiosity 
on the part of operators who extend a lesion in the 
fibrous flexor sheath merely to confirm their diag- 
nosis. I support Professor James’ opinion, hard as 
his words are. As an example, it would be wrong 
to explore the thenar space in search of the proxi- 
mal end of a divided flexor longus pollicis tendon, 
until the forearm had been explored for it. 

Unless special skill is available, all that is re- 
quired of initial surgery is careful wound excision, 
skin cover, elevation to avoid cedema, and immo- 
bilization in a good position of function, with 
control of threatened infection by antibiotics. 

Since April 1956, we have used the Robbins 
automatic pneumatic tourniquet exclusively in a 
total of 435 instances without failure, anxiety or 
any complication whatsoever. Post-operative pain 
and hematoma have not been features, despite 
what has recently been written in the medical 
press. Post-operative elevation is important, and 
we have our own technique using the special sup- 
port made for me by our Medical Equipment 
Depot at Chessington (marketed by Messrs 
Longworth). 
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The Book of Common Prayer instructs ‘the 
Man, to put the Ring upon the fourth finger of 
the Woman’s left hand’. Medical textbooks have 
been known to refer to the fifth finger. Both have 
digits in mind, J appeal for total abolition of the 
bad habit of numbering fingers. 

Insufficient stress is laid upon the quality of 
digital sensation in our various directives on the 
assessment of ability ai.d disability. Function is 
stressed in estimating ‘U’ in Pulheems, but more 
emphasis is required that loss of sensation in the 
fingers is at least as serious as loss of movement or 
length. This is especially so since the modern 
Forces have become highly technical and require 
more digital dexterity than brute strength. Erik 
Moberg, of Gothenburg, aptly refers to ‘the eye 
of the finger’; an attempt to put a nut upon a 
hidden screw with numb fingers will illustrate the 
meaning. 


The repair of lost or scarred finger pulps, so 
remarkably sensitive, is best done by skin of a 
similar nature. 

Free grafts taken from the pulp of the toes give 
more satisfactory sensation than abdominal or 
arm flaps and are cosmetically good. I do not use 
cross-finger or palmar flaps. This is the nearest 
we come to fulfilling our fictional role of disguis- 
ing the finger-prints of criminals. 


There are 107 instances of repair of peripheral 
nerves of forearm and hand: 23 median, 38 ulnar, 
6 of both median and ulnar, and 40 digital in 
finger and palm. Secondary suture with finest silk 
is preferred to primary; the freshening of cut ends 
to normal unscarred tissue is imperative, and I 
prefer to accept slight tension rather than to 
mobilize nerve over great lengths, which must rob 
the junction of the vital blood supply. 

The reported suture of a nerve under local 
analgesia is entirely rejected, and the junction is 
explored and, if necessary, refashioned. Within 
this series, involving 73 median or ulnar nerve 
repairs, four cases have been found where nerve 
had been sutured to tendon — 54% error! The 
prognosis is poor for each structure. The civilian 
surgeon is as guilty as his colleagues in the 
Services. 


Gross lacerations of the forearm are relatively 
common — 73 cases. Most frequently these lesions 
end in serious disability. A patient who made a 
good recovery after complete severance of all 
soft structures anterior to the wrist was treated 
first by repair of tendons, later of median and 
ulnar nerves. He subsequently took a course as an 
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aero-engine fitter and passed with distinction. 
There is no doubt that his determination to make 
his hand work won the battle for rehabilitation, 
but such a result is unusual. 


Neurovascular insufficiency is a grave factor in 
all these repairs, including the grafting of flexor 
tendons in the fingers. Where both radial and 
ulnar arteries are divided, survival of the hand 
depends upon the frail interosseous circulation. 
If this is also damaged, necrosis may result. 


FRACTURES OF LIMBS INVOLVING LOSS OF SKIN 
Fractures of limbs involving loss of skin require 
not only a close co-operation between the ortho- 
pzdic and plastic surgeons, such as I enjoy with 
Air Commodore Crooks, but also that each must 
be a little bit of the other when occasion demands. 
The British Orthopedic Association issued a fur- 
ther ‘Memorandum on Accident Services’ in 1959 
and properly draws attention to the undoubted 
fact that relatively inexperienced surgeons often 
have the initial handling of these difficult cases, 
and that subsequent progress is frequently deter- 
mined by initial treatment. 

In our series there are 118 cases of this nature 
and I make a plea for the use of the free split-skin 
graft as a primary dressing. It.is the only dressing 
which can, and frequently will, heal the soft 
tissue loss forthwith; by so doing it can alter the 
picture entirely. If primary healing is not practical 
or wise, then graft as a delayed-primary measure. 

In my opinion, the ability to cut a thin skin 
graft without destroying a valuable donor area 
ought to be within the compass of every surgeon 
who may have to treat a road accident case or a 
war wound. 


Avulsion-traction injuries, usually caused by 
slower, large pneumatic tyres, tempt surgeons to 
stretch injured skin to cover defects. It is usually 
wiser to realize that such skin has lost its blood 
supply, excise and graft. 


Internal fixation of a fracture is initially indi- 
cated where there is associated loss of skin, 
burned skin, or difficulty in closing the skin 
(Osmond-Clarke 1960). 


Case report: A footballer had an open fracture of the 
tibia complicated by gas gangrene, for which Wing 
Commander Keir had to remove soft tissues so exten- 
sively that one could look right through the leg past 
the fracture. A single screw secured the fragments until 
soft tissue healing was achieved with thin skin grafts. 
His leg is used normally, when reviewed many years 
later. 


Granulations should be healed with skin grafts 
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progressively as areas become clean and receptive. 
1 call this the ‘creeping substitution’ of healed 
skin instead of open granulations. Grafts are cut, 
unused portions are stored by refrigeration, using 
the technique described by Matthews (1945), and 
they are applied in the course of ward dressings as 
required. 


Exposed bare bone will sequestrate, usually to 
a less extent than anticipated. Potentially seques- 
trating or infected bone precludes definitive cover 
by pedicle flaps and an interim measure of healing 
by skin grafts is usually to be preferred. It is a 
vicious circle, which can be broken by patience, 
meticulous dressing technique and use of the free 
skin graft. 


Case report: A closed fracture of tibia had open reduc- 
tion and plating. The wound broke down through 
necrosis of the skin flap. We received it in this state and 
retained the plate, gradually healed the wound up to 
the edge of sequestrating bone, and finally removed 
the plate and a small, flake sequestrum. One year later 
the unstable, adherent scar was replaced by a cross-leg 
flap. Full function resulted. 


This is only one examp!e of similar problems and 
it is strange how granulations will extend to cover 
parts of a plate and so permit skin grafting. 


Administrative requirements must not tempt a 
surgeon into rash haste, any more than a wound 
will heal when ordered to do so. There must be a 
fair prospect of success within a reasonable time 
in the lower limb; in the hand or arm one ought 
to be conservative under nearly all circumstances. 


Skin is endangered by scars which are already 
present when fresh incisions are made. The 
stockinette sheath hides them, out of sight and 
out of mind. The plaster cast accounts for other 
loss of skin — these are mostly avoidable but can 
give rise to difficult problems and quite a lot of 
disability. Bridge-flaps on the leg are most 
treacherous, even when regarded as long, thin 
bipedicled flaps, which, essentially, they are. 


The cross-leg, transferred flap is preferred to 
replace an unstable scar over the tibia. We record 
76 cross-leg and cross-arm flaps, which are of a 
similar nature, transfers from one limb to 
another. Cross-leg flaps are more useful in the age 
group with which we deal than in older people. 
There are also 27 tube pedicle transfers to a dis- 
tance but not often to the leg, for they are rather 
acrobatic. 


Some of the apparent failures of surgical en- 
deavours must be viewed against the progress 
which has been made in the conservative surgery 
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of repair — we are saving more and more limbs 
which a very few years ago would have been 
amputated at sight. 


The most recent advance at Halton has been 
the successful use of dialysis by the artificial 
kidney (Jackson 1958). By means of the Renal 
Unit, more grievously injured persons survive to 
become perplexing problems of repair. 


Case report: A girl aged 17 was injured by a Land 
Rover, sixty miles from Halton. She had a crush and 
fracture of right thigh (which was initially plated and 
amputated four days later), an open fracture of left leg 
(which was plated and encased in a closed plaster), 
several ribs fractured, two vertebre fractured and the 
right sternoclavicular joint dislocated. She was trans- 
ferred to the Renal Unit at Halton in renal failure and 
was twice dialysed before diuresis occurred. 

We received her later with the thigh stump a necrotic 
warren of pus, and when we opened the plaster on the 
left leg it was putrid. After debridement, both wounds 
were exposed to the air. Saline baths helped clear up 
the infection, the wounds being exposed between baths, 
and skin grafts progressively applied. An initial dona- 
tion of skin by her brother helped tide over the most 
difficult period. 

We are now at the stage where the right stump is 
healed, the left tibia ready to part with its sequestrum, 
and an abdominal tube pedicle is ready to be applied to 
the leg. A cross-leg flap was, of course, impossible. She 
has full joint movement and control of leg muscles so, 
in such a case, I think you will agree that we must save 
her remaining leg if at all possible. 


PostscriPT (28.12.60): The tubed pedicle graft has 
been applied successfully to the leg, which is now 
healed over the ununited tibial fracture, the fibula be- 
ing united and the position of the leg good. A bone 
graft is about to be applied to the tibia. (G H M) 


We have only 7 cases of breast reduction by the 
Biesenberger technique, undertaken to relieve 
women whose life is made actually miserable by 
unwieldy masses upon their chests. 

The chief cosmetic condition is the reduction 
of prominent or ‘bat’ ears, of which we have 
75 cases. There is some justification on sympto- 
matic grounds as such ears are unduly exposed 
to weather conditions, but the underlying factor 
is the cruelty of mankind in teasing these 
unfortunates unmercifully. 


RESULTS 

Results depend upon the material with which one 
starts, and we have great variety. Disposal in the 
Service may be determined by quite unrelated cir- 
cumstances — the termination of a normal engage- 
ment, or invaliding for a different cause, or the 
guillotine of the time limit for treatment within 
the Service. 





United Services Section 59 
A cut flexor tendon, which has had proper 
initial treatment, has an 80% chance of recovering 
80% of function; and, if the patient works hard, 
his chances are better. With nerve repairs it is 
about the same as far as usefulness goes; but 
physiologically can anybody claim recovery of 
more than 50% of function ? With burns and frac- 
tures of limbs, we do our best with what is left! 


OBJECTIVES 

The objectives in this paper have been to reveal 
plastic surgery in a wider perspective than usual 
and to report what may be an experiment, the 
experience of a Centre devoted to this specialty in 
one of the Armed Forces in peace time. 


It is our role not only to do this work, but to 
let it be known that we do so; for the information 
of our colleagues within the profession, to let it be 
known that the Services expect their patients to 
receive a high standard of treatment wherever 
they are treated, and to show prospective candi- 
dates that they would not enter a clinical grave- 
yard should they make the Armed Forces their 
professional career. It is also our duty to main- 
tain interest within the Service in those specialties 
which have proved their value in war; of these, 
plastic surgery is one. 


Being a separate Centre devoted to a specialty 
of mostly long-term cases, we run on a system of 
discipline without apparent discipline. There are, 
I believe, rules for patients and for their visitors. 
So long as nobody interferes with essential treat- 
ment, patients can have visitors whenever they 
like: as a result, we do not suffer from visiting 
days. Similarly, anyone who has the price of a 
telephone call can speak from his bedside with his 
nearest and dearest: we are relatively free from 
importunate enquiries. Women occupy rooms 
next to men: Mrs Grundy would be disappointed 
at the complete absence of scandal. Anxious 
mothers of very young children will be offered 
admission to help with their child: once they know 
that, they usually toddle off home. On the whole, 
I think that a lot of the rules and regulations 
exercised in hospitals are really archaic autocratic 
nonsenses. 


Finally, the training of a Plastic Surgeon to con- 
sultant status, as recommended by the Joint 
Committee of the Royal College of Surgeons and 
our Association, comprises four years’ general 
surgical experience, a higher degree in surgery, 
followed by four years’ training in an accepted 
plastic surgical centre. 
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In Memoriam 

In 1940 I went to East Grinstead and came under 
my great teacher and friend, Sir Archibald 
MclIndoe. Now, sadly, I can only report this work 
as a memorial to him. 

He taught more than ‘The Surgery of Defective 
Parts’ — he knew and gained the confidence of the 
personality often hidden behind terrible dis- 
figurements. 

As many of you know, some of his gallant 
patients formed themselves into The Guinea Pig 
Club, somewhat gaily regarding themselves as 
subjects for his surgical experiments of repair! 





‘ 


‘Archie’ became their President in fact as well as 
in name. With the help of the RAF Benevolent 
Fund and other Friends of the Guinea Pigs, he 
turned the Club into a resettlement and follow- 
up combination as well as a social contact. He 
introduced a personal interest in his patients at a 
time, in the middle of a great war, when we all 
tended to become impersonal. His work will go on! 

Great and well-deserved honour has been paid 
to Sir Archibald’s memory and to his achieve- 
ments. The greatest, certainly one which would 
have given him the very greatest personal pleas- 
ure, is that his place as President of The Guinea 
Pig Club has been assumed by His Royal Highness 
the Prince Philip, Duke of Edinburgh. 
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Recent Developments in Leptospirosis 
by J M Alston mp FRcpPEd (London) 


The first leptospire to be described adequately was 
L. biflexa which Wolbach and Binger found in a 
pond in Massachusetts in 1914. Their description 
of the appearance of the organism by dark- 
ground illumination is accurate for all types of 
leptospires. The characteristics are of a spirochete 
5 to 15 uw long with close regular spirals 0-25 yp 
from crest to crest. In its main length the organism 
is straight and unbending, but one or both ends 
may be bent in a curve and may taper to a point. 
The movements are of rapid rotation around the 
long axis and rapid translatory movement in 
either direction of that axis. These were the only 
features known until electron microscopy began 
to show greater detail, revealed by the higher mag- 
nification and by the elongation of the coils of the 
organism which occurs during the preparation of 
mounts for the electron microscope. The organism 
is now regarded as having a thicker, coiled cylin- 
der of protoplasm and a thinner axial filament. In 
some preparations the filament appears to be 
straight with the main cylinder coiled round it and 
in other preparations the filament appears to be 
more loosely wound round the closely coiled 
cylinder. There is difference of opinion as to which 
of these appearances is artificial. The two struc- 
tures can be separated by chemical action and 
from various electron micrographs it would appear 
that the axial filament may take origin in a gran- 
ule or blepharoplast at one end of the larger 
cylinder and that it may show a uniform fine cross- 
striation. The presence of a membrane surround- 
ing the organism is doubtful, although in some 
preparations a portion or the whole of a lepto- 
spire appears to be enclosed in a cystic enlarge- 
ment of a membrane. The width of the thicker 
cylinder is believed to be about 0-1 u. These 
appearances with some variations have been seen 
since 1943 in the micrographs of workers in 
several countries, notably of Bradfield & Cater 
(1952), Babudieri (1954) and Swain (1955). The 
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same features of a cylinder and a single filament 
have been found in at least eight types of lepto- 
spires. By contrast some of the same workers 
have found two or more axial filaments to be 
characteristic of other genera, e.g. treponema and 
borrelia. 

A natural speculation is whether the fine, regu- 
lar cross-striation of the axial filament indicates a 
contractile substance which by rhythmic waves of 
contraction could cause the two forms of motion 
of the leptospire. Electron microscopy does not 
permit study of live organisms, but after different 
forms of fixation some authors have described alter- 
nate wide and narrow areas of the filament — an 
appearance which is suggestive of waves of con- 
traction. In the larger coiled element no differenti- 
ation of structure except the origin of the axial 
filament has yet been seen. 


Colonial Growth of Leptospires in Solid Medium 
Leptospires have been grown easily in fluid and 
semisolid medium since the first isolation of L. 
icterohemorrhagie by Inada and his colleagues 
(1916). Such growth was always confluent. Separ- 
ate colonies were first obtained by American 
workers (Cox & Larson 1957, Armstrong & 
Goldberg 1960) in medium stiffened with 1°% of 
agar. Among other critical conditions is the 
solidity of the medium which must be maintained 
within a low optimum range during the week or 
more that incubation is required. In this way one 
non-pathogenic type and 16 pathogenic types 
have been grown in colonies and 6 different 
colonial forms recognized. The growths occur 
mainly under the surface of the medium and are 
often thin and difficult to see; they vary in size up 
to 3 mm in diameter. It is too early to know 
whether colonial form will reliably distinguish 
some types of leptospires from others. 

It is believed that colonies can be grown from 
single leptospires; this would allow antigens to be 
prepared from strains of known purity and some 
of the puzzling cross-reactions which are found in 
the sera of infected persons and animals could be 
better investigated. Zones of inhibition or of less 
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growth form between closely adjacent colonies; 
this may be due to toxic metabolites or to 
enzymes. Colonial growth will also give good 
opportunities for looking for bacteriophage. I 
have sought for evidence of such a parasitic virus 
in fluid cultures of leptospires of several types, but 
without success, and I have not found reference to 
success elsewhere. The disintegrating effect on 
leptospires of such an agent — if one exists — might 
reveal fresh details of morphology. 


Metabolism 

Up to the present, study of the metabolism of 
leptospires has been hindered by their compara- 
tively low rate of multiplication in vitro and by 
their inability to grow readily on the surface of 
solid medium from which they might be harvested 
comparatively free from the constituents of the 
medium. As a result, with few exceptions observa- 
tions on metabolic activities have not been sys- 
tematic enough to indicate which features are 
common to the genus as a whole or which may 
correspond with the antigenic differences of the 
recognized types. Exceptions are that non-patho- 
genic strains of L. biflexa will multiply in the mixed 
flora of feecal suspensions while the many patho- 
genic types will not; that all types tested require 
gaseous oxygen at a tension below atmospheric; 
and that a cytochrome-c system is involved in 
their respiration. Nothing certain is known of the 
elaboration by leptospires of toxic substances 
which produce specific skin reactions in infected 
hosts or which might be responsible for the im- 
portant lesions of the disease, such as the diffuse 
necrosis of renal convoluted tubules. 


Serotypes and Their Origin 

None of the characters of morphology, artificial 
culture and metabolism has yet been found to 
separate types of the pathogenic leptospires from 
one another. There is some degree of correspond- 
ence between certain types of leptospires and the 
animals which they can infect or in which they are 
frequently carried, but these are not sufficiently 
numerous or constant to form a basis of sub- 
division of the genus. At present the differentia- 
tion is based on antigenic differences in tests of 
agglutination, lysis, complement fixation and 
precipitation. Because of this dependence on sero- 
logical tests the types are usually called serotypes 
rather than species. About 60 serotypes have been 
distinguished on the evidence provided by sero- 
logical cross-absorption tests. This method was 
systematized by Wolff & Broom (1954): for two 
strains to belong to different serotypes each must 
regularly leave in the antiserum of the other at 
least 10% of the homologous antibodies after 
adequate absorption with heterologous antigen. 
The antigens used for making the antisera are 
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suspensions of whole leptospires without separa- 
tion of antigenic fractions. The decision to set up 
the 10% limit was quite arbitrary and the criticism 
has been made that a lower limit would be more 
useful. The separation of physically and antigeni- 
cally distinct fractions, as in salmonellz, might be 
more useful still and some work has been done in 
this direction. For instance, preparations can be 
made from many serotypes that are genus-specific 
and these are used by sensitization of erythrocytes 
for primary diagnosis of leptospiral infection 
(Chang & McComb 1954). Two cell-free poly- 
saccharide fractions have been obtained from 3 
serotypes by Hiatt (1953) and by Schneider (1953, 
1954a, b). Fraction I is a complete antigen which 
includes a genus-specific complement-fixing prin- 
ciple and a more restricted serogroup agglutin- 
ogen. Fraction II is a haptene which combines 
with homologous antibodies in complement- 
fixation tests in a sharply specific way. It is sugges- 
ted therefore that two chemically separable com- 
plement-fixing antigens may be present in some 
leptospires. By another method of extraction a 
complement-fixing antigen, a genus-specific pre- 
cipitinogen and type-specific agglutinogen were 
obtained and separated. These results led the 
workers to postulate peripheral and somatic 
antigens in leptospires. Recently, compound anti- 
gens of red blood corpuscles or latex particles 
combined with formalized leptospires of one or 
more serotypes have been used to detect anti- 
bodies of greater or less serotype specificity. 

The mechanism of the development of sero- 
types in nature has aroused speculation. Gsell 
(1952), in Switzerland, suggested that adaptation 
to a new host may lead to a new serotype as the 
result of differences in the proteins of the two 
hosts. I do not know of any experimental evidence 
to support this. Alternatively Pike and Schulze 
(1958) suggest that contact with antibodies in vivo 
may alter the antigenic constitution of leptospires. 
They found in vitro that a strain of L. grippo- 
typhosa grown in contact with homologous serum 
showed loss and gain of antigenic components 
and that this antigenic change remained stable 
during eight months of serial culture; it was postu- 
lated that the serum had allowed the emergence of 
a mutant strain. If bacteriophage for leptospires 
were demonstrated the possibility of alteration in 
antigens through their action might be sought. 

The known distribution of the 60 or so patho- 
genic serotypes throughout the world is interest- 
ing. Broadly, leptospires are most frequent in the 
subtropical and temperate zones of both hemi- 
spheres. One — L. icterohemorrhagie — is found in 
all these areas: but otherwise the distribution of 
serotypes is very uneven. Half of the 60 known 
serotypes have been identified in Indonesia and 
Malaya, and this area has the most intense lepto- 
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spiral infestation in the world; from 5 to 10 sero- 
types have been found in Borneo, in Vietnam and 
in Japan, but very few in-India or China. In most 
of the Continental countries of Europe, including 
European Russia, a fairly uniform range of 6 to 12 
serotypes has been found. In Great Britain until 
very recently only two were known viz., L. ictero- 
hemorrhagie and L. canicola. This contrast with 
the Continent has been puzzling, but during the 
last few years the isolation in Scotland of three 
more (L. ballum, L. sejroe, or a close relative, and 
L. bratislava) has been reported by Broom & 
Coghlan (1958, 1960). L. bratislava has also been 
found in England by L H Turner (1960). In Africa 
few isolations have been made except in the 
Congo where at least 9 serotypes have been 
found. Comparatively few isolations have been 
made in Canada; 8 serotypes have been found 
widely in U.S.A. and up to four in other American 
countries such as Puerto Rico, Argentina, Chile 
and Brazil, where search has been most intensive. 
In Australia, especially in subtropical Queensland, 
8 serotypes have been found; fewer have been 
recognized in New Zealand and New Guinea. 
Although there is a great variation in the numbers 
of serotypes known in the different countries and 
only one — L. icterohemorrhagie — has been found 
in every country concerned there is little evidence 
of serotypes being confined to certain regions or 
continents; nearly all have been found in widely 
separated areas. 

The main habitat of leptospires is the kidneys 
of a very wide range of rodents. Secondarily they 
are found in the renal system of domestic animals 
— dogs, pigs, cattle, sheep and goats. The lepto- 
spires are passed in urine for variable periods — 
often for years — and survive according to environ- 
mental conditions. In general, wet ground and 
fresh water of low bacterial contamination and 
neutral or alkaline reaction are favourable; ex- 
perimentally, living leptospires have been re- 
covered after thirty days in sterile water at pH 7:0. 
The high rate of infestation of animals in groups 
or in herds is attributed by most observers to con- 
tact with each other’s urine soon after voiding, 
but the lasting contamination of ground and 
stagnant water cannot be ignored. This has been 
contended for long by the Belgian worker, van 
Riel (1948), and it has been emphasized by the 
Australian work of Smith & Self (1955) which 
showed experimentally and by observation of 
human infections in sugar cane fields that al- 
though leptospires can be destroyed on the surface 
of the ground by fire, they may survive below the 
surface and be subsequently washed out of the 
soil by heavy rain and cause disease in sugar 
workers. 

Many serotypes are most frequently found in 
One animal species and less often in a variety of 
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other animals. This subject is being constantly 
studied by serological surveys of the blood of wild 
and domesticated animals and with much greater 
certainty by isolation of leptospires from tissues 
or urine. A recent example of an elaborate survey 
of this kind was made in 1955 in Poland by Parnas 
et al. (1959); these workers examined almost 3,500 
small mammals of 17 genera and found sero- 
logical evidence of leptospiral infection by one or 
other of 16 serotypes in 10 per cent; in addition 75 
strains of 7 serotypes were isolated from the 
animals. They also found much more serological 
evidence of leptospiral infection of cattle, pigs, 
sheep and horses in 1955 when there was an epi- 
demic of human leptospirosis than in 1956 when a 
human epidemic did not occur. Similarly, Alféldy 
(1960) isolated 70 strains — almost all of L. grippo- 
typhosa — from 1,472 rodents in Hungary, and 
Mitov et al. (1960) isolated 33 strains of three 
serotypes from 177 rodents in the rice-growing 
area of Bulgaria. Rattus norvegicus is throughout 
the world the pre-eminent carrier of L. icterohemo- 
rrhagie but 7 other species of rats or mice and 10 
other mammals have been found less frequently 
to excrete the organism. There is a similar pre- 
eminent relationship between the dog and L. 
canicola, the pig and L. pomona and L. hyos, 
between Micromys minutus soricinus (a small 
harvest mouse) and L. batavi@, a few species of 
voles and L. grippotyphosa. The subsidiary 
carriers include scores of species of rodents, bats, 
snakes, and wild and domestic mammals such as 
apes, monkeys, cattle, sheep, goats, wolves, dogs, 
jackals and hedghogs. Seasonal increases of ex- 
cretion of leptospires by rodents have been seen 
and these may account for the seasonal incidence 
of some human infections. 


Pathogenicity 

The occurrence of the pathogenic leptospires in 
the animals already mentioned has been spoken of 
in terms of a passive carrier state, but there is a 
range of pathogenic relationship from the relat- 
ively saprophytic state in rodents through the 
alternative phases of disease and carrier state in 
the dog and farm animals to the condition of man 
who is relatively highly susceptible to disease and 
very unusual indeed as an effective carrier. In the 
more commonly affected rodents, like R. nor- 
vegicus, L. icterohemorrhagie may be excreted con- 
stantly, but without harm to the host, for most of 
the animal’s life. In different countries up to 50% 
of these rats have been found to be infested in this 
way. A similar but less frequent and often less 
constant carrier state has been found between 
many species of other rats, of field mice and voles. 
Even in rodents, however, disease may be caused, 
as in an epizootic of fatal nephritis in voles due to 
L. grippotyphosa. 
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Variations in rodent populations, and in the 
degree of leptospiral infection in them are being 
closely studied in Malaya and elsewhere. Pigs may 
become long-lasting carriers of L. pomona or L. 
hyos or in some countries L. canicola. The infesta- 
tion is self-perpetuating without rodents and has 
been seen most in Switzerland, Australia and 
U.S.A. All breeds of dogs throughout the world 
may be carriers of L. canicola and in different 
countries estimates of the carrier rates vary from 
2 to 45%. 


Leptospiral Disease of Domestic Animals 

More information is needed about the effect on 
excretion of leptospires of such things as changes 
in rodent population, season, food supply, and in- 
fection by other parasites. What extent and degree 
of illness are caused in domestic animals? There is 
a difference of experience in various countries 
about the amount of illness caused in pigs. In 
Switzerland, Australia and South America very 
little damage to life or condition has been ob- 
served but in U.S.A. it is thought to be the cause 
of abortion, fever, hemoglobinuria and increased 
susceptibility to other infections such as hog 
cholera. The presence of infection by Salmonella 
choleresuis in some of the outbreaks makes the 
primary effect of the leptospiral infection uncer- 
tain and more study is needed. In England a small 
fatal outbreak due to L. icterohemorrhagie in a 
piggery was identified by Field & Sellers (1951). 
At about the same time small outbreaks with fatal 
cases were found due to the same serotype by 
Nisbet (1951) in farms in Scotland. More recently 
Coghlan and his colleagues (1957) found extensive 
leptospirosis in pigs in Edinburgh but with no ill- 
effects. These outbreaks were due to L. canicola 
and presumably originated from dogs. Davies 
(1957, 1960) has found serological evidence of in- 
fection of pigs in Scotland and N. Ireland by L. 
icterohemorrhagie, L. canicola, L. ballum, L. pom- 
ona and possibly L. sejroe. 

Illness in cattle is much more clearly known. In 
U.S.S.R., several European countries, Israel, 
Australia and New Zealand and South America 
large groups of cases in calves and adult animals 
have been found with fever, inappetance, jaundice, 
nephritis, abortion, loss of milk and often death. 
Morse (1955) considered leptospirosis to be the 
fourth most important disease of cattle in the 
U.S.A. and the probable cause of the loss of 100 
million dollars a year. In that country the disease 
is mainly due to L. pomona, which is the common- 
est serotype to be found in pigs, and herds of 
cattle may often be first infected by pigs. All 
clinical forms of the disease have followed experi- 
mental infection. In Great Britain, fatal infection 
of a calf by L. icterohemorrhagie was first found 
in England by Field & Sellers (1950) and later 
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several reports of active disease in calves were 
made by others in England and Northern Ireland. 
Since the recent discovery of previously unknown 
types of leptospires in rodents and hedgehogs in 
this country the possibility of more widespread 
leptospiral disease in pigs and cattle may reason- 
ably be sought. 

Infection of sheep is much less common but has 
been found in U.S.S.R., Europe, Israel, U.S.A. 
and most strikingly in two fatal outbreaks in New 
Zealand. Goats have been found infected — some 
fatally — in Israel and in the Congo. Cases among 
sheep and goats have not been found so far as J 
know in Great Britain. 

Investigations of infection of horses is incom- 
plete and the meaning of the results uncertain. 
There are records from U.S.S.R., Yugoslavia and 
U.S.A. of the isolation of leptospires from small 
numbers of horses with an illness like that des- 
cribed in cattle. In other outbreaks diagnosis was 
made on a serological basis only. Apart from sick 
animals a high proportion of the sera of horses or 
donkeys tested in many countries have shown 
agglutination of one or more locally occurring 
leptospires, to a titre that has been presumed to be 
significant. There seems need for more effort to 
isolate leptospires from sick horses or from the 
urine of those healthy ones that show agglutina- 
tion of serotypes to an end-point of | in 100 or 
higher. The unsettled question is whether horses 
may be carriers with little disease. I do not know 
of records of infection of equide in Great Britain 
but Broom and I tested the serum of 108 healthy 
horses and found agglutinins to L. icterohemo- 
rrhagi@ to end-titres 1 in 100 to 1 in 3,000 in 93 %. 
Results with L. canicola were of the same order 
but there were entirely negative results with a few 
other serotypes which occur in animals on the 
Continent but were unknown in this country. 

There is still varying belief and uncertainty 
about the causal relation of leptospires to the eye 
condition of horses called periodic ophthalmia or 
moon blindness. Crawford (1954) described the 
epidemiology of the condition and the many 
theories of its causation at a joint meeting of this 
Section and the Section of Ophthalmology; he 
considered ‘recurrent iridocyclitis’ a very suitable 
name. In Switzerland, Germany and U.S.A. many 
cases of this disease have been diagnosed as lepto- 
spiral because agglutination of leptospires 
known to occur locally was found in a much 
higher proportion of such horses than in healthy 
horses or those ill with other diseases. Culture of 
leptospires from an affected eye has been recorded 
only once. The hypothesis that is held by some, 
therefore, is that latent leptospiral infection of 
horses is frequent and that recurrent iridocyclitis 
is a forrn that the uncommon overt manifestation 
tends to take. Alston & Broom (1958) investigated 
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the eye disease in 9 horses in this country and 
after bacteriological, serological and histological 
examination did not find convincing evidence of a 
leptospiral cause. It is noteworthy that in man, 
acute iridocyclitis is a relatively common feature 
of leptospirosis and chronic or recurrent forms 
occur. 

Leptospiral disease of dogs was detected soon 
after that of human beings and first among 
domestic animals. In almost all parts of the world 
dogs have been found to be carriers of L. canicola, 
less commonly of L. icterohemorrhagie and some- 
times of other serotypes. Outstanding work on the 
infection of dogs — named ‘yellows’ and caused by 
L. icterohemorrhagie — was done in this country 
by Okell et a/. (1925) and excellent studies of both 
forms of the infection have come from Joshua & 
Freak (1947) and from McIntyre & Montgomery 
(1952). It is considered that the infections by L. 
icterohemorrhagie usually begin by transmission 
from rats and spread in dogs in kennels or at 
other sites of close contact, but the commoner in- 
fection by L. canicola is a species infection similar 
to that by L. pomona in pigs, but with much more 
active disease. In either type of infection hepatitis, 
nephritis and hemorrhages are the features of 
severe cases, but a particular feature of leptospiral 
disease in dogs is the tendency to subacute and 
chronic forms with severe renal fibrosis and 
sclerosis of the renal arterial system. In other 
animals and certainly in man subacute or chronic 
disease is seen only very rarely. It would be 
illuminating to know the reason for this difference. 


Leptospiral Disease of Man 

Infection of man is caused almost entirely by 
contact with urine of infected wild or domestic 
animals and is very rarely derived from another 
human being. Infection is strongly associated with 
occupations or amusements in places where in- 
fected animals are frequently present. These are 
agriculture and the care of animals, slaughtering 
and other handling of animal food, mining, sewer 
work, building and bathing or work in fresh water. 
In many countries human beings seem to show a 
low susceptibility to the risks of infection but in 
contrast there are high rates of illness in people 
exposed in situations like the rice fields of Indo- 
nesia and Italy, and vegetable farms in Germany 
and Israel. The influence of dosage of infection, 
state of nutrition, and season of the year needs 
more understanding. In some occupations, in 
which conditions appear to change little through- 
out the year, seasonal variations in the incidence 
of leptospirosis are difficult to explain. For in- 
stance only 6 out of 50 cases of Weil’s disease 
which occurred among sewer workers in London 
from 1934-45 were found in the months Decem- 
ber to March, compared with 44 during the other 
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eight months, although work in the sewers con- 
tinues throughout the year. (Alston & Broom 
1958.) Davidson & Smith (1939) found a rather 
similar seasonal distribution of cases of the same 
disease among fish workers in Aberdeen. In 
Denmark, Borg-Petersen (1949) noted an inter- 
esting temporal variation in sex incidence of in- 
fection by the serotype L. sejroe. In August during 
harvesting, which is carried out almost entirely by 
men, large numbers of cases occurred in males. 
In the autumn the carrier hosts, field mice, 
migrated into the farm buildings and then the 
incidence of cases in women rose steeply. 

Leptospires enter the human body by the skin - 
aided by cuts, abrasions or a sodden condition - 
the conjunctiva, and mucous membranes of 
throat and respiratory tract and perhaps the 
alveoli of the lungs. Whatever the site there is no 
local lesion and very little, if any, effect on region- 
al lymph glands. This is mentioned because it 
makes very obscure the events that occur during 
the incubation period of three days to three weeks. 

It is only a few serotypes — including L. ictero- 
hemorrhagie — that are capable of producing in 
man severe, fatal leptospirosis with jaundice 
(Weil’s disease) and these serotypes may also 
cause the minor forms of illness with little or no 
jaundice that other serotypes produce. The devel- 
opment of jaundice is often the first indication of 
the nature of the severe form of illness and it is 
true, as Schiiffner said, that nobody dies of Weil’s 
disease unless he is suffering from jaundice, but 
the hepatitis is not the fatal lesion and leptospiral 
nephritis would be a more useful name than lepto- 
spiral jaundice for severe forms of the infection. 
The nature of the renal lesion is a very important 
and unsolved problem. Some degree of acute 
nephritis seems to occur in all clinical forms of the 
illness, but dangerous nephritis is caused only by 
the serotypes which most frequently produce 
hepatitis. The essential renal lesion is a lower 
nephron nephrosis or diffuse distal tubular 
necrosis. The changes are very similar to those 
seen in acute renal failure following crush injuries, 
burns or blackwater fever. Trueta has suggested 
from experimental evidence in rabbits that several 
of these causes may act by a rapid alteration of the 
blood supply within the kidney leading to an over- 
all reduction of blood or to a shunting of the 
blood so that ischemia occurs in the cortex and 
congestion in the medulla. Sections of kidneys in 
some fatal cases of leptospirosis show this vascular 
state but more observation on natural and experi- 
mental cases is needed. 

In addition to these circulatory changes in the 
patient there must be explained the ability of some 
serotypes and not others to cause serious ne- 
phritis, which has an analogy in the association of 
some types of the hemolytic streptococcus Group 
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A with acute nephritis. In investigating the vari- 
able course of disease caused by the same serotype 
in different persons allergy must be considered and 
the possibility that congenital or transitory varia- 
tions in metabolism may produce from the lepto- 
spires substances to which some people react 
strongly. Hypotheses of this kind are used in re- 
gard to the occurrence of post-vaccinial encephal- 
itis or the late syphilitic diseases of the nervous 
system. The expanding techniques of electro- 
phoresis are a means of tracing changes in body 
constituents which may be significant. In human 
beings, recovery from the nephritis leaves no 
observable renal damage and is not followed by 
any progressive process. In some animals and 
most clearly in dogs infected by L. canicola, an 
acute phase similar to that described in human 
beings often leads to progressive and fatal granu- 
lar nephritis with interstitial fibrosis — this re- 
sembles the chronic nephritis which may follow 
acute streptococcal nephritis in man. 

In addition to the severe lesions of kidney, liver 
and vascular endothelium which the more virulent 
leptospires may cause, meningitis is found to some 
degree in all cases of leptospirosis and is quite the 
most prominent feature of the milder forms of the 
disease. Without severe renal lesions the mening- 
itis is never fatal. Understanding of the steps lead- 
ing to the production and regression of this lesion 
would be very welcome. 


Treatment 

There are questions of treatment that are still 
unanswered. All serotypes are highly sensitive to 
many antibiotic drugs in vitro, but in natural and 
experimental infections these drugs are unexpect- 
edly ineffective (Broom 1951). The serious forms 
of infection in man do not respond to penicillin 
even when treatment is begun as early as possible 
and I do not think that any more favourable 
results have been obtained with other antibiotics. 
In the mild recoverable forms of leptospirosis 
some benefit has been claimed for large doses of 
penicillin in bringing the temperature to normal 
more rapidly, but even this has not been the exper- 
ience of all observers. At present the most neces- 
sary treatment is for oliguria and anuria, by Bull’s 
regime or by the artificial kidney. If the severe renal 
lesions are allergic in nature cortisone might be 
suppressive; this is being tried. 

The treatment of leptospiral disease in farm 
animals has not yet been clearly established by 
controlled observations, but there are useful 
reports of the treatment of dogs. From experi- 
mental infections Brunner & Meyer (1949) con- 
cluded that streptomycin was an effective drug 
for the treatment of infection of dogs by L. 
icterohemorrhagie. Joshua & Freak reported 
successful treatment of L. canicola infection by 
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penicillin but Brunner & Meyer found that strep- 
tomycin was more able than penicillin to prevent 
leptospiruria after recovery. Treatment of acute 
or chronic canine nephritis is made by dietary 
means similar to Bull’s regime used in human 
cases. 


Prevention 

This has been an account, so far, of problems 
that are being examined or should be examined 
about leptospires as a genus of living organisms 
and about their relations to and effects on a wide 
range of mammals. The main concern of doctors 
and veterinarians is to eliminate the diseases that 
leptospires cause in man and domesticated ani- 
mals. In this problem they should aim at nothing 
less than complete eradication. So far the means 
taken and the results obtained have been incom- 
plete. 

First, leptospires may be destroyed outside 
their mammalian hosts in places where man or 
animals are known to be exposed to them. A 
successful example has been the decontamination 
of the benches in rat-infested fish-gutting sheds 
and the brickwork in sewers by washing. Partial 
success has followed burning the dry leaves at the 
foct of sugar canes and the incompleteness of the 
process has been due to leptospires below the 
surface of the soil surviving and being washed out 
by rain and then infecting cane cutters. An acci- 
dental effect of the same sort occurred in Amster- 
dam during the last war when the Germans 
allowed sea water to enter the canals. Leptospires 
could not survive in the salinity so produced and 
from that time people who fell or were pushed 
into the canals suffered less frequently from 
Weil’s disease. These direct measures against lep- 
tospires cannot be applied everywhere they are 
needed and cannot always be completely effective 
but they should include a regime of the most 
hygienic conditions possible in farm yards and 
buildings where animals are kept and in slaughter 
houses and bathing pools. 

Sewer workers - especially in London — are 
given thigh boots and serge coats as protective 
clothing and means of washing before meals and 
of treating cuts antiseptically. In Switzerland re- 
duction of leptospirosis in swineherds followed 
the wearing of boots. The protection of workers’ 
hands has not been solved. The use of rubber 
gloves or leather gauntlets has not proved prac- 
tical and carries the danger of making the hands 
hot and sodden and so adding greater risk of 
infection if contaminated water reaches the hands 
through punctures or over the top of the gloves. 
Broom experimented with barrier creams but did 
not find a preparation which protected animals 
from experimental infection. More work might be 
done usefully in this field. 
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Immunological protection of man has been 
tried on smaller or larger scales in many coun- 
tries. Difficulties have included the local and 
general reactions to many of the vaccines but 
Babudieri et a/. (1955) have reported very success- 
ful use of a mixed vaccine containing L. ictero- 
hemorrhagi@ and the more prevalent L. batavie in 
women working in the rice fields of N. Italy. In 
addition, Parnas ef al. (1959) vaccinated 1,700 
persons in an area of Poland with a mixture of L. 
icterohemorrhagie and L. grippotyphosa and 
found that during the next season no leptospiral 
infection occurred among them, in contrast with 
18 cases among 1,200 unvaccinated people in 
adjacent areas. This success could be imitated 
among field workers and others in Australia, Asia, 
Israel and Europe. 

Vaccination of farm animals has been studied 
in several countries. In the U.S.S.R. tens of thous- 
ands of cattle and sheep have been inoculated 
with — it is claimed — good results. In the U.S.A. 
prophylactic use of a vaccine in small numbers of 
cattle and horses was encouraging and a well- 
controlled experiment in New Zealand showed 
that sheep were protected by vaccination against 
challenging doses of L. pomona. 

The protection of buildings of all sorts, and of 
bathing places, against the intrusion of rodents 
requires the greatest ingenuity and persistence to 
try to outmatch the high degree of those excellent 
qualities that is possessed by rats and mice. It is 
enough to say that opportunities for success and 
failure are legion and that the pressure of popula- 
tion gives rodents an immense momentum in their 
invasion of the surroundings of man and his 
domestic animals. 

The comparative failure of these methods of 
protection leads to the thought of rodent destruc- 
tion. Mice or rats have no human friends more 
influential than younger schoolboys and there- 
fore the science and art of rat and mouse catching 
have been applied in numberless circumstances 
throughout the world with no stirring of the 
human conscience but with only local success 
(Chitty & Southern 1954). Sometimes the preven- 
tion of leptospirosis was specially in view, but the 
model for the scale of operations that may be 
needed is the destruction of a plague carrier in an 
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area of 176,000 square miles in S. Russia 
(Fenyuk 1960). This campaign against a small 
animal, Citellus pygmaeus, required the employ- 
ment of tens of thousands of temporary workers 
during the appropriate season for eight successive 
years. It was considered to be successful in wiping 
out plague in rodents, fleas and man in almost all 
the area. 
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Engelmann’s Disease 
A C da Roza Frcsed (for W D Coltart FRCs) 


PE, female, aged 13 

History: Pain in both shins, right worse than left, 
for one year. No history of injury. Aggravated by 
walking, standing and running; relieved by rest, 
but not completely. It sometimes wakes her up at 
night. She has weakness of the lower limbs from 
the knee downwards, and sometimes feels un- 
steady on her feet. 

On examination: Diffuse thickening of both tibial 
shafts at their mid-points with minimal tenderness. 
Neurologically normal. Full passive movements 
of lower limb joints. Spleen not palpable. 

X-rays: Fusiform diaphyseal sclerosis and enlarge- 
ment of both tibiz (Fig 1). Increased density of 
base of the skull. Other bones appear normal. 
Blood investigations: Serum calcium and alkaline 
phosphatase, inorganic phosphate, hemoglobin, 
E.S.R., W.B.C. and W.R. all normal. 

Diagnosis: A diagnosis of Engelmann’s disease was 
made on clinical and radiological findings. 
Discussion: This condition was first described by 
Camurati in 1922 and by Engelmann in 1929. It is 
characterized by fusiform sclerotic enlargement of 
the diaphysis of the long bones: the lesions are 
symmetrical — the femora and tibiz are most com- 
monly involved and the clavicles least commonly. 
Thecondition is progressive as the sclerosis spreads 
to involve all the long bones as well as the actual 
skeleton. Replacement of blood-forming marrow 
by dense bone results in impairment of formation 
of the blood elements, especially the red cells. The 
sclerosis of the skull base is a typical accompani- 
ment of the long-bone changes. The disease usu- 
ally affects males in the first decade of life. A 
waddling gait is frequently reported and muscular 
weakness is a frequent symptom. This is progress- 
ive and proceeds to muscular wasting, so that in 
the advanced case mechanical aids to progression 
have to be invoked. The condition is compatible 
with long life, although these patients are prone 
to intercurrent infections and chest complaints 
because of muscular weakness, and the anemia 
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Fig 1 


that eventually develops. 

Treatment: Decompression and potassium iodide 
by mouth have been tried — with success in some 
cases. 


REFERENCES 
Camurati M (1922) Chir. Organi Mov. 6, 662 
Engelmann G (1929) Fortschr. Rontgenstr. 39, 1101 
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Myositis Ossificans Progressiva 
N H Harris Frcs (for H Jackson Burrows FRCS) 


This is a rare disease, the essential features of 
which have been described by Fairbank (1950). 

A 46-year-old patient with this condition was 
admitted to the Royal National Orthopedic 
Hospital, under the care of Mr Jackson Burrows 
in November 1959. The patient illustrated many 
of the typical features of the disease and this com- 
munication is a preliminary report on the result of 
treatment to his deformed and stiff left hip. His 
youngest daughter has a similar condition. 
History: Onset in 1944 at the age of 30. Deveioped 
swellings in the neck, right scapular and lumbar 
regions. 1950: Temporomandibular joints first 
affected; developed a stoop, stiffness in the 
shoulders and back. 1958: First symptoms in left 
hip, consisting of gradual onset of pain, stiffness 
and deformity. November 1959: The left hip con- 
dition prevented him carrying on with his normal 
job in a warehouse: walking distance had become 
markedly restricted and he was unable to put on 
his shoes and socks (Fig 1). Examination of the 
hips revealed the following: 

Left hip: 45 degrees fixed flexion; 20 degrees 
fixed adduction and external rotation. Move- 
ments: flexion 45-55 degrees; no other movement. 

Right hip: No fixed deformity; flexion 0-80 
degrees; abduction 0-30 degrees; adduction 0 - 
20 degrees; external rotation 0-20 degrees; 
internal rotation 0 - 30 degrees. 

There were no congenital abnormalities in the 
hands or feet and the chest expansion was 2 in. 

X-ray left hip (Fig 2): Large bar of bone ex- 
tending between ischiopubic ramus and lower 
third shaft of femur. This was thought to be in the 
adductor magnus; bone was also present in the 
psoas sheath. 

Investigations: All the biochemical tests were 
negative; the blood count and erythrocyte sedi- 
mentation rate were normal. 

Experimental investigation: On 12.12.59 a plaque 
of bone was completely removed from an ab- 
dominal scar; deep X-ray therapy to this region 
was commenced the following day; a total dose of 
5,000 r skin dose was given — at least 3,500 r 
through the anterior abdominal wall. The lower 
three-quarters of the wound was irradiated, the 
unirradiated part acting as a control. It was con- 
sidered that if, after a reasonable length of time, 
re-ossification did not occur in the irradiated part 
of the wound, it would be justifiable to operate on 
the left hip and follow with X-ray therapy. 

4.3.60: No return of calcification in abdominal 
wall. 24.4.60: Bone reappearing in upper part of 
scar only. 13.5.60: At operation on the left hip, 
44 in. of bone was removed from the adductor 
portion of the adductor magnus. 16.5.60: Deep 





Fig 1 





Fig 2 


X-ray therapy commenced and_was continued for 
sixteen days. The total dose given was 2,211 r. 
16.8.60: Commenced work as an assembler and 
has remained at work ever since. 
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Fig 3 





Fig 4 


Left hip: 15 degrees fixed flexion; flexion 15- 
60 degrees; abduction 20 degrees; adduction 20 
degrees; internal rotation 10 degrees. 

He is now able to walk any distance, without 
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pain or fatigue. His standing posture is improved 
(Fig 3). 

The X-ray of the hip taken three months after 
the operation (Fig 4) suggests that there has been 
some return of ossification. 

Comment: It is too early to say whether the im- 
proved function in the patient will be long lasting. 

Maudsley (1952) reported a patient in whom a 
portion of bone was excised from the buttock and 
followed with a small dose of deep X-ray (1,000 r); 
bone had not re-formed two years later. 
Acknowledgment: I desire to express my thanks 
to Dr A M Jelliffe who supervised the radio- 
therapy at the Middlesex Hospital. 


REFERENCES 
Fairbank H A (1950) J. Bone Jt. Surg. 32B, 108 
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An Adult Case of Chondro-osteodystrophy 
L Klenerman Frcs (for H Jackson Burrows FRCS) 


A middle-aged male clerk had noticed nothing 
abnormal till the age of 15 years, when he felt 
some stiffness in his lower back. At 18 he devel- 
oped pain in both hips and received spa treatment. 
Multiple loose bodies have been removed from 
various joints: in 1934, 184 from the right hip; in 
1936, several from the left elbow; and, in 1941, 
30 from the left hip. 

In 1947, because of severe pain, he had deep 
X-ray treatment to both hips with temporary 
relief. In 1953, the head and neck of the left femur 
were excised (Girdlestone’s operation). 

At present he can walk the three-quarters of a 
mile to and from the railway station daily, using 
elbow crutches. He is, however, troubled by pain 
and stiffness in his right hip. This is brought on by 
walking or prolonged standing. It does not dis- 
turb his sleep. He manages to work in his garden 
and swim a quarter of.a mile several times a week. 
On examination: The patient is 4 ft 8 in. tall. He 
stands with slightly flexed hips and his trunk lean- 
ing forward (Fig 1). The Trendelenburg test is 
positive on the left, and the left lower limb is 1 in. 
shorter than the right. 

The left hip is held in 10 degrees of flexion, from 
which it can be flexed a further 80 degrees. The 
range of the other movements is: abduction 10 
degrees, adduction 20 degrees, medial rotation nil 
and external rotation 30 degrees. 

The right hip is fixed in 40 degrees flexion, 20 
degrees adduction and 30 degrees external rota- 
tion, and can be flexed a few degrees. The lumbar 
spine is rigid. He has full movement in his knees. 

His elbows are both slightly restricted in flexion 
and extension (range 80 to 160 degrees); supina- 
tion is full, but promotion is restricted by about 
one-third on the left side. 
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Fig | 
Posture of adult with chondro-osteodystrophy 
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X-rays: In the right hip the joint space is almost 
wholly obliterated, with considerable sclerosis of 
the femoral head and acetabulum, and extensive 
osteophyte formation. The left femoral head and 
neck have been excised (Fig 2). 

Both elbows present several loose bodies with 
osteoarthritic changes. 

The spine shows characteristic flattening of the 
vertebral bodies with increase in the transverse 
and antero-posterior diameters (platyspondyly). 
There is associated narrowing of the disc spaces. 
This patient does not have the dorso-lumbar 
angular kyphosis sometimes found. 

There is defective modelling of the articular 
surfaces of both knees. 

A skeletal survey revealed no other abnorm- 
alities. 

Family history: The parents were first cousins. Of 
six siblings, one brother and one sister are short 
like the patient. This sister also has chondro- 
osteodystrophy and has been treated for osteo- 
arthritis of her right hip. The remaining siblings 
are of normal height. 

Comment: The shortness of stature and typical 
X-rays of the spine, together with the history of 
consanguinity, are compatible with the diagnosis 
of a chondro-osteodystrophy of the type usually 





Fig 2 X-ray showing gross osteoarthritic changes in hip-joints and platyspondyly 








ee ee og 


—_ 


1 
f 





a eee 





5 


linked with the names of Morquio and Brailsford. 
The association of multiple loose bodies in several 
joints in combination with this condition has not 
been reported in other cases. Golding (1935) 
described the radiological features of this case. 

The symptoms are not severe enough to 
warrant operative treatment at present. The pro- 
cedures suggested, should the necessity arise, 
were excision of the head and neck of the right 
femur or an intertrochanteric osteotomy. 


REFERENCE 
Golding F C (1935) Brit. J. Radiol. 8, 457 


Adamantinoma of Tibia 
Harry Piggott FRCs 


GS, a male clerk aged 21, received a severe blow 
on the middle of his left shin. Initial bruising 
rapidly disappeared, but slight swelling and 
tenderness persisted; he did not seek medical 
advice until the onset of intermittent spontaneous 
pain some three years later. 

On examination: There was a tender, somewhat 
irregular thickening of the middle three inches of 
the tibia with no attachment to the overlying skin. 
The inguinal lymph nodes were not enlarged and 
no other abnormalities were detected on general 
examination. 

Roentgenography demonstrated an _ osteolytic 
lesion of the middle of the tibia, with irregular 





Fig 1 July 1957 
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cortical destruction and a little new bone forma- 
tion (Fig 1). 

Investigations: Hb 92%, W.B.C. 8,200. W.R. and 
Kahn negative. 

Biopsy (25.7.57): Typical histological features of 
so-called adamantinoma of long bones. Fig 3 
shows irregular sheets and islands of basal type 
cells set in a stroma of immature fibrous tissue; 
there is a well-marked palisade arrangement and a 
tendency in places to the formation of cell nests. 
The appearances are similar to those of basal cell 
carcinoma of the skin. 

Treatment and progress: He received a course of 
radiotherapy extending over ten days, a total 
dosage of 1,606 r being delivered through medial 
and lateral! fields at 230 kV. There was no detect- 
able change in the tumour, but pain was relieved 
for two and a half years; discomfort then returned 
and rapidly became severe enough to impose the 
use of elbow crutches. At the same time an ovoid 
ulcer developed in the overlying skin and within 
two months increased to 14 1 in. in size. Further 
radiological examination shows increased bone 
destruction and a pathological fracture (Fig 2). 
There is no evidence of regional or remote 
metastases. 

Comment: Including the present example there 
are now thirty-two reported cases of adamantin- 
oma of long bones; from a study of these it is 
possible to present an outline of the clinical 
features of this rare neoplasm (Baker ef al. 1954), 





Fig 2 June 1960 (thirty-four months after radiotherapy) 
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but its fundamental nature remains obscure, and 
there is still no certainty as to the most effective 
method of treatment. 

The tumour nearly always occurs in the tibia, 
and any part of that bone may be involved; it has 
also been reported in the fibula, femur and ulna. 
There is no significant predilection for sex or age, 
recorded cases varying from 12 to 57 years. The 
presenting symptom has nearly always been local- 
ized swelling, and 50% of cases have also experi- 
enced pain of varying degrees of severity; only 
one has presented as a pathological fracture. A 
history of a blow on the shin shortly before the 
onset of symptoms is given by approximately one- 
third of all patients. Delay in seeking medical 
advice has been from six weeks to twenty years. 

Roentgenographic appearances show con- 
siderable variation, the only constant feature 
being the presence of an osteolytic lesion. Most 
commonly it appears to be parosteal, as in the 
present example, but some cases have been en- 
tirely endosteal; in the latter situation it may have 
a polycystic appearance, usually with expansion 
and sometimes destruction of the cortex. In a few 
cases some slight periosteal reaction has been 
noted and others have shown a little calcification 
within the tumour. 

Macroscopically, colour varies from grey to 
white, and consistence from firm to soft; some- 
times areas of cystic degeneration are found con- 
taining straw-coloured fluid or blood. The margin 
of the growth is smooth and lobulated, and an in- 
complete capsule may be present. 

Diagnosis depends on microscopy, and the 
features described above are typical. Occasionally 
squamous cells and even pearl formation are seen, 
whilst on the other hand differentiation may not 
be so well marked as in Fig 3. Different parts of 
the same tumour may show considerable varia- 
tion. The paradox of this apparently epithelial 





Fig 3 Typical arrangement of basal cells. H. & E. » 30 
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tumour arising in bone has not been satisfactorily 
explained. The name adamantinoma recalls its 
histological similarity to the true adamantinoma 
of the jaw, but it is difficult to believe that it 
originates in an ectopic enamel organ. Other sug- 
gestions have been that it arises from basal cells 
implanted in the periosteum as a result of trauma, 
that it is a basal cell carcinoma invading bone 
from skin, and more recently that it is an atypical 
synovial sarcoma or angiosarcoma. It seems im- 
possible to prove or refute any of these 
hypotheses. 

There is, however, no doubt that it is a tumour 
of low-grade malignancy. Progressive local des- 
truction of bone and soft tissue occurs, and four 
cases had histologically proven metastases in the 
inguinal lymph nodes. There is only one recorded 
example of a microscopically identified remote 
metastasis, which appeared in a rib twenty-two 
years after above-knee amputation (Morgan & 
Mackenzie 1956); 5 patients, however, are known 
to have died between four and twelve years after 
diagnosis with roentgenographic evidence of met- 
astatic growth in the lungs, skull, pelvis, or ribs, 
but none of these was subjected to necropsy. 

In view of these malignant features it is not 
surprising that curettage or local excision has in- 
variably been followed by rapid recurrence. 
Radiotherapy, to which 6 patients have been sub- 
mitted, also has been ineffective, but the metas- 
tasis reported by Morgan & Mackenzie (1956) 
responded to telecobalt irradiation. Thirteen 
patients have been treated by wide resection of 
the involved segment of the tibia and grafting of 
the resulting defect; in 10 of these the growth 
recurred, usually within a few months, but 3 are 
free from disease three, six and eight years later. 
Amputation has been performed eventually in 
approximately two-thirds of all patients, often 
after several years delay; of the 12 in whom the 
result is known, 6 are free of recurrence from 
three to twenty-one years later, and 6 are dead. 3 
of them probably as a result of metastases. Details 
of operation and subsequent progress are lacking 
in several reports, but these results suggest that 
amputation through or above the knee is the most 
effective measure; until further knowledge has 
accumulated, however, it is justifiable to perform 
wide resection and grafting for a well-circum- 
scribed, suitably situated lesion. 


Acknowledgments: | am indebted to Mr D R 
Sweetnam for permission to record this case, and 
to Dr A C Thackray for the photomicrograph. 
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The Biochemical Response to Injury 

A Symposium organized by the Council for 
International Organizations of Medical Sciences. 
Edited by H B Stoner 

pp xi+467 illustrated 57s 6d 

Oxford: Blackwell Scientific Publications Ltd 

1960 

This book contains the proceedings of an Inter- 
national Symposium on the metabolic effects of 
injury held in September 1958 under the auspices 
of UNESCO and UNO. The eighteen papers pro- 
vide up-to-date reviews of different aspects of the 
problem, for in addition to the author’s own work 
generous references have been given. The discus- 
sions following the papers include much interest- 
ing and new material. 

The response of the body to most forms of 
injury, including hemorrhage, ischemia, fracture, 
bacteria and their products, heat and cold, but not 
radiation, is discussed. Some authors have investi- 
gated the problem at a cellular level while others 
have examined the effect of injury on the whole 
animal and have studied early pathological 
changes or post-mortem effects. 

Most of the results reported refer to animal 
experiments which were designed to help in our 
understanding of the basic mechanisms underlying 
response to injury; these have necessitated the 
application of all the basic sciences. The response 
of man to surgical trauma is discussed with respect 
to protein, water and adrenal metabolism. 

The book is well set out and should be of inter- 
est to all those concerned with this fundamental 
subject, whether they approach it from a medical 
or a scientific viewpoint. 


Enzymes in Health and Disease 

Edited by David M Greenberg mp Php and 

Harold A Harper php 

pp xvi+459 illustrated £5 16s 

Springfield, Ili: Charles C Thomas 

Oxford: Blackwell Scientific Publications Ltd 1960 
This volume records a course given in San Fran- 
cisco in 1959 reviewing ‘the current knowledge of 
the relationship of enzymes to the etiology, diag- 
nosis and therapy of disease’. The contributions 
fall into three classes; the first is concerned with 
the fundamental aspects of enzymes and enzyme 
systems. It is one of the best general accounts of 
the subject read by this reviewer and includes a 
useful summary of the chemical properties of en- 
zymes by Greenberg, and a particularly under- 
standable account by Green and Fleischer of the 
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pathways whereby food-stuffs are broken down to 
provide energy for cellular activities; this will be 
particularly appreciated by clinical workers. The 
valuable surveys by Quastel on the action of drugs 
on enzyme systems, by Villee on the interrelation- 
ships between enzymes and hormones, by 
Weinhouse on enzyme systems in tumour cells, 
should be read by all clinical enzymologists. The 
enzymological interpretation of the inborn errors 
of metabolism also receive full attention. The 
second class of contribution is concerned with the 
clinical aspects of enzyme measurements and the 
best are the critical articles on serum enzymes in 
cancer by Bodansky, and that on the diagnostic 
uses of enzymes by White. The third class of con- 
tribution, concerning therapy with enzymes, is the 
least impressive. 

As is to be expected in a multi-author book, 
there is some overlap of subject matter and un- 
evenness in level of presentation. Nevertheless, the 
standard of the contributions is high and the book 
will be of value, not only to laboratory workers 
concerned with clinical enzymology, but also to 
clinicians anxious to appreciate more fully the 
basis of the enzyme tests which are increasingly 
providing important information to aid diagnosis 
and therapy. 


Queen Square and the National Hospital 
1860-1960 

With a foreword by Sir Ernest Gowers GCB GBE 
pp x+112 illustrated 30s 

London: Edward Arnold (Publishers) Ltd (for the 
Chartered Society of ‘Queen Square’) 1960 

This short but delightful book was published on 
the occasion of the centenary of the National 
Hospital. The author remains anonymous but 
there is a foreword by Sir Ernest Gowers, former- 
ly Chairman of the hospital and son of one of the 
most illustrious of its physicians. 

The book is an account of the history of the 
hospital and of the square in which it stands. 
There are short biographical sketches of the 
Chandler family (to whose efforts the hospital 
owed its beginning), of some of the earlier medical 
staff and of two former residents of the square, 
Dr Burney and Nelly Farren. There are short 
accounts of some of the houses in the square with 
interesting notes on those who have occupied 
them. It is very well illustrated with photographs 
and drawings and with maps of the area from 
1720 to the present. There is much interesting his- 
tory in its pages both for medical men and those 
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who wish to learn more about a small part of 
London which has had an interesting past. 


Myocarditis 
By Ferdinand Wuhrmann mp 
With the collaboration of Serge Niggli mp 
Translated by Harvey Adelson MD 
pp xi+218 illustrated 84s 
Springfield Ill: Charles C Thomas 
Oxford: Blackwell Scientific Publications Ltd 1960 
This small book contains much useful information 
concerning serum chemistry and associated 
electrocardiographic abnormalities in certain 
forms of myocardial disease. The concept of 
nutritional heart disease resulting from dyspro- 
teineemia which is secondary to disease of the liver 
and other organs is given prominence. However, 
this association remains unproven because ab- 
normalities in electrolyte concentrations and 
other variables are difficult to assess in chronic 
heart disease. There is a good chapter on morpho- 
logical changes in the myocardium associated with 
such conditions as sprue, diabetes and hepatic 
cirrhosis. 

This is an interesting book spoilt in places by 
indifferent and rather confusing English but there 
is a good bibliography. 


The Dynamics of Psychiatric Drug Therapy 
Edited by G J Sarwer-Foner mp 
Dp xxviii+624 illustrated £6 8s 
Springfield Ill: Charles C Thomas 
Oxford: Bleakwell Scientific Publications Ltd 1960 
Psychoanalytic and psychodynamic formulations 
of mental illness are very much in the ascendant in 
North America, though much less so in Canada 
than in the U.S.A. The advent of the tranquillizers 
and antidepressant drugs in psychiatry was bound 
to impinge considerably on psychoanalytic theory 
and practice since so many patients can now be 
helped much more practically by simple medica- 
tion than by years on the treatment couch. This is 
becoming as applicable to the neuroses as to the 
psychoses. A book like this was therefore almost 
bound to come. A group of psychoanalysts to- 
gether with some of their critics met and discussed, 
among other things, how these drugs and their 
effects should be seen in psychodynamic terms, 
and to argue about their theoretical implications 
and uses from a psychoanalytic point of view. 
The book shows the enormous amount of dis- 
agreement between various schools of psychiatry. 
Many may laugh at some of the absurdities which 
arise when rigid psychoanalytic theory is allowed 
to dominate empirical treatment practice. Some of 
the book’s contents produced in the reviewer a 
deep sense of despair that so much ideological 





nonsense could be talked about drugs which are 
doing so much to help patients when skilfully used 
in ordinary medical practice. Fortunately, there 
were several persons at the conference who 
thought likewise, and some of the arguments 
make fascinating reading. 


Roentgen Examinations in Acute Abdominal 
Diseases 

By J Frimann-Dahl mp php 

2nd ed pp xiv+518 illustrated £6 4s 

Oxford: Blackwell Scientific Publications Ltd 1960 
The second edition of this well-known radio- 
logical textbook has been thoroughly revised and 
brought up to date. The author is an acknow- 
ledged master of his subject and his unequalled 
wealth of experience is here distilled into a con- 
cise monograph of admirable clarity. 

The desirability of close co-operation between 
surgeon and radiologist is stressed as being of 
particular value in this difficult field of acute 
abdominal disease, and there is a short but 
balanced appraisal of radiation hazard and 
clinical necessity. 

The chapters dealing with volvulus and small 
bowel occlusion are particularly comprehensive 
and the radiographic signs of ruptured viscera, 
both hollow and solid, are neatly and accurately 
described. 

No general radiologist should be without this 
book, and many surgeons will find it both inter- 
esting and useful. The line drawings are simple 
and clear and, although two of the X-ray plates 
are printed upside down, the illustrations are 
generally of a high standard. The profusion of 
illustrations renders the cost somewhat high for a 
book of this size, but it is unique in its own par- 
ticular field and second to none. 


The Medical Annual, 1960 

78th issue. Edited by R Bodley Scott MA DM FRCP 
and R Milnes Walker Ms FRCS 

pp xxxii+572+19 illustrated 42s 

Bristol: John Wright & Sons Ltd 1960 

The new issue of the Medical Annual contains 
four special articles: J G Humble on bone- 
marrow transplantation, C E Drew on profound 
hypothermia in cardiac surgery, A G Leatham 
on auscultation of the heart and C F W 
Illingworth on the surgical treatment of peptic 
ulcer. This group of papers nicely combines the 
new and the well established. All are helpful re- 
views of recent work in important subjects which 
present many difficulties. The general layout is sim- 
ilar to that of previous editions and the standard is 
as high. It remains an extremely useful review of 
recent progress in most fields of medicine. 
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The Collected Papers of Paul Ehrlich 

In four volumes including a complete biblio- 
graphy. Vol. III, Chemotherapy 

Compiled and edited by 

F Himmelweit Mp PhD FRCPEd 

pp viii+615 illustrated £8 

London etc: Pergamon Press 1960 

This third volume of Ehrlich’s republished papers 
deals with perhaps the most momentous of his 
several fields of work. Chemotherapy was 
Ehrlich’s own conception and he brought it to 
important practical fruition with ‘606’. The vol- 
ume contains 46 items on this subject, starting 
with his paper of 1891 on the action of methylene 
blue in malaria and going on through studies of 
the treatment of experimental trypanosomiasis to 
the action of arsenobenzol compounds in syphilis 
and other spirochetal infections. Two, a letter and 
a dedicatory address, are hitherto unpublished: 
nine are in original English and one in French, 
and the remainder in the original German, but 
translations of five of these also follow in English. 
A selection of important illustrations to his papers 
is also reproduced in one group. Like its predeces- 
sors this volume contains an eloquent and inform- 
ative preface by Sir Henry Dale. 


Ciba Foundation Symposium on Congenital 
Malformations 

Edited by G E W Wolstenholme OBE MA MB MRCP 
and Celia M O’Connor Bsc 

pp xii+308 illustrated 45s 

London: J & A Churchill Ltd 1960 

With the decrease in neonatal mortality from 
other causes congenital malformations have 
moved up, relatively, to a high place. Preventive 
measures can only be based upon accurate know- 
ledge of causation and the time is ripe for an ex- 
pert, if only interim, appraisal. Indeed an inter- 
national congress was held in July which indicates 
the growing importance of the subject. The Ciba 
Foundation, with its usual wise ear to the ground, 
got in first with one of its smaller gatherings and 
nearly 30 experts under the skilful chairmanship 
of Professor W J Hamilton are responsible for 
the contents of this book. Its 300 pages are packed 
with facts, amply supplied with references and 
with just enough speculation (especially perhaps 
hinted at in the verbatim reports of discussions) to 
indicate that there is an actively growing edge to 
this branch of science. The chromosome discov- 
eries of recent times are aptly summarized by C E 
Ford and several sections touch on biochemical 
factors, experimental and, where hormones are 
concerned, based on human disorders. T H 
Ingalls, as one of the pioneers in this field, deals 
ably with environmental factors and L S Penrose 
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with genetical causes and the search for their 
origins. No one reading this book should miss the 
small-print reports of the discussions, excellently 
done and, like the whole of the volume, showing 
the mark of skilful editorship. 


Lupus Vulgaris in Denmark, 1895-1954: Its relation 
to the epidemiology of other forms of tuberculosis 
By Ole Horwitz 

pp 142+-76 tables $6.50 

Copenhagen: Acta tuberc. scand. 1960" 

This book (also published as Acta Tuberculosea 
Scandinavica, Suppl. No. 49) is an analysis of all 
cases of lupus vulgaris of the skin in Danish sub- 
jects seen at the Finsen Institute between the years 
1895-1954. As the Institute received more than 
80% of all known cases of lupus vulgaris in 
Denmark it is a unique record of this disease in 
respect of incidence, age of onset, sex ratio and 
morbidity, especially in relation to other forms of 
tuberculosis. 

The total number of cases considered was 3,902 
and the sex incidence was | male to 2-4 females. 
Although positive proof of tuberculosis was only 
obtained in 50% of the patients, there is little 
doubt that the diagnosis was correct in the great 
majority of cases. The most interesting findings 
are that some other form of tuberculosis occurred 
in 76% of the patients whose disease arose during 
the years 1895-1944 (2,092 cases) and that when 
lupus vulgaris was the first manifestation of tuber- 
culosis it did not protect the patient from develop- 
ing other forms of the disease even though the 
tubercle bacillus is known to be of reduced viru- 
lence in lupus. 

The methods used in the analysis will be of 
interest to others who intend to study trends in 
disease over a prolonged period. The second half 
of the work comprises over 100 pages of tables. 


'Requests for this book should be addressed to Dr 
Horwitz at the Finsen Institute, Copenhagen. 


The Preparation of Medical Literature 

By Louise M Cross MA 

pp xx+451 illustrated 80s 

London: Pitman Medical Publishing Co Ltd 1959 
This is an entirely new book from the United 
States and is designed to show how a scientific 
article or book may be prepared. It covers ex- 
tremely well all the techniques required in prep- 
aration, publishing and printing, and keeps clear 
of the problems of literary technique. It is a very 
well-printed book with some good illustrations 
from the Memorial Center Art Department. 
Altogether this is a sound and comprehensive 
work, but the price of 80s is rather too much for 
such a publication. 
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Chemical Micromethods in Clinical Medicine 

By R H Wilkinson MA MD 

American Lecture Series No 371 

pp xiv+121 illustrated 40s 

Oxford: Blackwell Scientific Publications Ltd 

1960 

This book, written from the author’s experience 
in the Chemical Pathology department of The 
Hospital for Sick Children, Great Ormond Street, 
deals with the analysis of small samples of blood 
obtainable from young children. The early chap- 
ters on the laboratory organisation, collection of 
capillary samples and control of accuracy of 
results are excellent, and contain many useful tips 
on microtechnique. More than this, many of the 
recommendations should be applied to all routine 
laboratories. The author also shows that the 
apparatus available to all reasonably equipped 
hospital departments can be used for micro- 
methods with little or no loss of accuracy, and 
that technicians can quickly be trained in the 
techniques. 

In the remaining chapters choice of specific 
methods is discussed, and those routinely in use 
at Great Ormond Street given in detail. These 
have all been tested for accuracy and ‘robustness’, 
and are clearly set out. There is a useful appendix 
giving normal values for children. Ultra-micro- 
methods are not described, and the author points 
out that a special laboratory should be set up for 
these. 

This book can be confidently recommended, 
not only for those laboratories serving children’s 
hospitals, but for all those that may on occasion 
deal with small samples of blood. Moreover, the 
early chapters should be read by anyone con- 
cerned with the day-to-day control of routine 
chemical pathology departments. 


Bedside Diagnosis 

By Charles Seward Mp FRCPEd 

S5thed pp xix+479 25s 

Edinburgh & London: E & S Livingstone Ltd 

1960 

This is a useful small-sized book which gives a 
clear account of many of the clinical conditions 
encountered in the consulting room and at the 
patient’s bedside. It is deservedly popular as it is 
clearly written and this new edition has been 
brought thoroughly up to date. The approach is 
not a description of different diseases and condi- 
tions but the symptoms and signs met with in deal- 
ing with a patient. We should like to see in future 
editions an account of the significance of albumin, 
glucose and other abnormal substances in the 
urine — but this omission does not detract from 
the book, which can be confidently recommended. 


The History of Bacteriology 

By William Bulloch mp FRs 

pp xii+422 illustrated 30s 

London: Oxford University Press 1960 

(First published 1938) 

The late Professor Bulloch in 1930 contributed 
the chapter on the History of Bacteriology to the 
Medical Research Council’s System of Bacteri- 
ology. In 1937 he gave the Heath Clark lectures in 
the University of London taking as his title ‘The 
Development of Bacteriology’. In the following 
year this book was published as an expansion of 
his previous work. It has now been reprinted, the 
text remaining in its original form. 

It is concerned with the beginning of bacteri- 
ology, and advances up to the end of the last cen- 
tury. A valuable and interesting section gives short 
details of some 350 early bacteriologists. Here will 
be found such giants as Koch and Pasteur, men 
such as Gram and Petri, whose names are in every- 
day use, and many others now almost forgotten. 
So much has happened in the last twenty years 
that there is little room in classes or textbooks for 
accounts of the first discoveries and controversies. 
This reprint is welcome. 


Clinical Anatomy: A Revision and Applied Anatomy 
for Clinical Students 

By Harold Ellis MA Mch FRCS 

pp xvi+369 illustrated 37s 6d 

Oxford: Blackwell Scientific Publications Ltd 1960 
There is something rather absurd about the pres- 
ent system of training in anatomy. Medical stu- 
dents spend many hours studying it and indeed 
regard it as the main component of their pre- 
clinical training. Yet the most striking impression 
most clinical teachers have is of their students’ 
ignorance of anatomy. Mr Ellis evidently shares 
this view. He has had considerable experience of 
teaching students, first as surgical tutor at Oxford, 
now as senior lecturer in surgery at Westminster 
Hospital Medical School. And it is in order to 
provide a continuing help to students who have 
forgotten most of their anatomy that he has 
written this book. 

It is a comprehensive, clear, simple account of 
the anatomy of the whole body with a strong em- 
phasis on the aspects that interest the practising 
doctor. Throughout the text the clinical signifi- 
cance of anatomical facts is emphasised and this 
immediately gives point and interest. There are 
205 illustrations which are admirably clear. 

This surely should be the pattern of future text- 
books of anatomy for preclinical and clinical 
students and.doctors. May they all be as lucid and 
interesting as this one. It is difficult to think that 
any student or doctor could fail to appreciate the 
value of Mr Ellis’s pioneering contribution. 
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Encyclopedia of Medical Syndromes 

Edited by Robert H Durham mp FAcP 

pp xiv-+628 £5 10s 

New York: Paul B Hoeber Inc 

London: Pitman Medical Publishing Co Ltd 1960 
This American volume gives an account in an 
easily accessible form of nearly 1,000 recognized 
syndromes. It is classified under the letters of the 
alphabet, starting with abdominal apoplexy and 
finishing with the Zollinger-Ellison syndrome: but 
wherever possible cross references to other names 
are Clearly given. 

This book is a testimony to the tendency in the 
U.S.A. to describe diseases under the headings of 
syndromes — a method which is much less fre- 
quently used in Great Britain. Thus we are not 
accustomed to presenting a group of diseases as 
being ‘The growth-failure syndrome in children’, 
‘Jacquet’s syndrome’ (hypotrichosis of the scalp) 
or ‘The meconium ileus syndrome’. 

On the other hand the information given is 
carefully catalogued, collated and accurately set 
out. In this country it is a book which will find a 
place in medical libraries rather than on the book- 
shelves of practising physicians. 


Fluid Balance in Obstetrics: A Critical Review 

By Philip Rhodes MB FRCS MRCOG 

pp x+169 25s 

London: Lloyd-Luke (Medical Books) Ltd 1960 

In this monograph Mr. Rhodes sets out ‘to give 
the practising clinician a synopsis of the fluid 
balance problems of obstetrics’. After a discussion 
of the physico-chemical processes involved in the 
equilibrium of the body fluids, the physiology of 
the normal non-pregnant and pregnant woman is 
discussed, followed by a description of fluid 
balance problems and complications which may 
occur during pregnancy and labour, including the 
management of severe blood loss and the meta- 
bolic problems following Cesarean section. 
Whilst including much physiological information, 
the book maintains a basically clinical approach 
and the practical management of the various con- 
ditions is stressed. 

The monograph in effect deals with two differ- 
ent topics, namely fluid balance problems seen 
only in women, and general fluid balance prob- 
lems, such as the effect of blood loss, which may 
incidentally occur in obstetrical practice. This 
duality is emphasized by the relatively unsatisfac- 
tory consideration given to the effects and man- 
agement of blood loss, the basic physiological 
responses to an acute diminution in circulatory 
volume receiving very scant attention. It is, 
further, alarming to find the infusion of dextran 
described as ‘ideal’ in the immediate management 
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of acute blood loss; under certain circumstances 
dextran may be the best fluid to administer, but 
this does not make it the ideal fluid to be used in 
replacing a blood loss. 

The text is based on a wide reading of the litera- 
ture and each chapter contains an excellent bibli- 
ography. In certain sections, however, some read- 
ers may find the reference to conflicting observa- 
tions to be confusing, and a more succinct sum- 
mary of the literature in the light of the author’s 
experience and judgment would have been helpful. 

Despite these criticisms, this commendably 
brief volume contains a great amount of useful 
information which could not otherwise be found 
within the covers of a single book. All obstet- 
ricians will find much of interest in this book, and, 
read with circumspection, it should prove of par- 
ticular value to postgraduate students. A valuable 
feature of the book is its emphasis on the multiple 
problems, many of them simple, still requiring in- 
vestigation. It is to be hoped that future editions 
will contain the author’s own contributions to the 
solution of some of these. 


Pathology of the Heart 

Edited by S E Gould mp psc 

2nded pp xvi+1138 illustrated £13 

Springfield, Ill: Charles C Thomas 

Oxford: Blackwell Scientific Publications Ltd 1960 
Those familiar with the first (1953) edition of this 
book, do not need to be told that it is the model 
for all reference books — balanced, informed, read- 
able, durable and lavishly illustrated. 

In the new edition, the original fourteen chap- 
ters have been revised by their authors, and five 
new ones added — on the Conducting System, 
Lesions of the Aorta, Cardiopulmonary Disease, 
Surgery of the Heart and Histochemical Proced- 
ures in the Study of Heart Disease. There is also 
a new sub-section on Malformations of the 
Sinuses of Valsalva. 

This has been achieved with the addition of 
only 100 pages to the text, and to make this poss- 
ible the work has been re-set in a smaller type, 
still comfortable to read (but which, one hopes, 
will not be further reduced in subsequent editions). 
The references have been brought up to date and 
there are 100 new ones on coronary athero- 
sclerosis alone. Incidentally, the ever-increasing 
bibliography constitutes a problem that will have 
to be met sooner or later by publishers of this type 
of work. 

The high quality of paper, binding and illus- 
trations is above reproach — a quality one has 
come to expect from the presses of Charles C 
Thomas. £13 is a lot of money for a book, but in 
another sense this is a book beyond price. 








80 Proceedings of the Royal Society of Medicine 


The Early History of Surgery 

By W J Bishop 

pp 192 illustrated 18s 

London: Robert Hale Ltd 1960 

Mr Bishop has written an interesting book which 
covers a wide field. The early period of surgery is 
so extensive in time, and the sources of our know- 
ledge of it are so scattered and in some cases un- 
reliable, that there are many difficulties in the way 
of writing a compact and readable history. By 
judicious selection of material, however, and by 
many apt quotations from a variety of sources, an 
attractive narrative has resulted, free from ‘the 
melodrama which has disfigured several recent 
books on the subject. Ten moderate-sized chap- 
ters bring the story nearly up to the end of the 
nineteenth century. Some might think that the last 
chapter attempts too much for from 1860 to 1900 
was a very crowded period. After each chapter 
there is a list of references, and there are twenty- 
one illustrations. There is very little to criticize in 
these pages, but it is possible that physicians who 
read pages 123 and 144 carefully may utter a mild 
protest. We wish Mr Bishop’s book the success it 
deserves. 


Blood Flow in Arteries 

By Donald A McDonald Ma pM Dsc 

Monographs of the Physiological Society No 7 

pp x+328 illustrated 40s 

London: Edward Arnold (Publishers) Ltd 1960 

This work is based on observations of the arterial 
circulation in small animals by means of high- 
speed cinematography and the study of pressure 
and flow characteristics by advanced mathe- 
matical techniques. To obtain convenient and 
accurate parameters of the behaviour of the blood 
in pulsating arteries the Fourier method of ana- 
lysis has been adopted, and evidence supporting 
the validity of this procedure is presented. Since 
the aim of the author is to advance the methods of 
quantitative analysis of arterial pressure and flow, 
the treatment of the subject is largely theoretical. 
The first four chapters concern the nature of flow 
in blood vessels and the circumstances under 
which it is laminar or turbulent. There is a very 
full account of disturbances in blood flow due to 
curvature and bifurcation of vessels, to local con- 
strictions and dilatations, and to changes in the 
vascular bed proximally and distally. Considera- 
tion is next given to pressure flow relationships in 
pulsating vessels, and to the characteristics of 
propagating waves. The sources of wave reflec- 
tions are examined and their influence on the 
shape of the pressure pulse wave is described. 
There are chapters also on the design of mano- 
meters, and on the accuracy and calibration of 
various types of flowmeters. The final chapter 





evaluates the accuracy of estimates of cardiac out- 
put from pressure recordings. The book contains 
much important information for physiologists and 
physicists interested in the detailed interpretation 
of hemodynamic changes in an oscillating system. 
But to the clinician it provides little that can be 
applied usefully to the study of cardiovascular 
phenomena in the human. 


A Dictionary for Medical Secretaries 

By Isabel Alice Stanton 

pp viii-+175 52s 

Springfield, Ill: Charles C Thomas 

Oxford: Blackwell Scientific Publications Ltd 1960 
This is quite a useful book for a medical secretary 
to keep upon the desk when a larger standard dic- 
tionary is not available. It is difficult to see how 
the 3,500 entries have been selected and whether 
the author intends the book for the use of the 
general practitioner’s or the specialist’s secretary. 
Many entries, such as abarognosis, would never 
be needed by the former, and the latter would 
find many essential words omitted. Instruments in 
common use are listed separately, but although 
more than fifty types of forceps are included there 
is no mention of the well-known Spencer Wells or 
the Cheadle forceps. Similarly, the Levin tube is 
included but not the Ryle. 

The book is well printed and produced, but the 
fields of medicine are so vast and so rapidly ex- 
panding that a small dictionary of this type offers 
little assistance to the conscientious secretary. 


Diseases of the Nails 

By V Pardo-Castello Mp and Osvaldo A Pardo mp 
3rded pp xxvi+284 illustrated 68s 

Springfield, lll: Charles C Thomas 

Oxford: Blackwell Scientific Publications Ltd 1960 
For the third edition of his standard text on nail 
diseases Pardo-Castello has a co-author. The 
work, however, is very similar in form to the 
previous two editions which proved very popular 
among dermatologists. The small alterations re- 
quired in this edition reflect the small amount of 
work which has been done on nail disorders 
during the intervening years 

The work will prove to be a useful book of refer- 
ence as the literature is fairly fully reviewed and it 
is a useful glossary of names, although one won- 
ders how much is gained by perpetuating the 
quaint names which are applied and tax the best 
of memories of those not familiar with the Greek 
language! 

Most of the illustrations are good and the book 
is compact and well produced and for the present 
retains its place as the only textbook in English 
entirely devoted to nail disorders. 





— ee wv CUL 


~~ a 6 





International Review of Neurobiology 

Edited by Carl C Pfeiffer and John R Smythies 
Vol2 pp xii+410 illustrated $11.00 

New York: Academic Press, Inc 1960 

This second volume of the Jnternational Review of 
Neurobiology is as relevant to the problems of 
neurological medicine and neuropathy as its pre- 
decessor, which it resembles in the great difficul- 
ties of comprehension it holds for the neur- 
ologist without biochemical and pharmacological 
competence. 

Yet the problems dealt with intrude inexorably 
into the field of medicine, and they reveal how 
restricted has been our concept of a science of 
neurophysiology hitherto, and how much more 
apt is the term neurobiology in the generality of 
outlook it implies. 

Of particular interest are the chapters on the role 
of y amino-butyric acid in neural activity, by Dr 
Roberts and Dr Eidelberg, and on drugs and the 
conditioned avoidance response by Dr Herz. 
Finally there is a most suggestive chapter by Dr 
Eysenck on objective psychological tests and the 
assessment of drug effects. All who employ 
psychotropic drugs should read it. 


Neurology 

By Roy R Grinker mp, Paul C Bucy mp and 
Adolph L Sahs mp 

Sthed pp xi+1386 illustrated £9 16s 

Oxford: Blackwell Scientific Publications Ltd 

1959 

The appearance of the fifth edition of this text- 
book testifies to its value and well-deserved pop- 
ularity. It is nothing if not comprehensive; for 
example, the description of ancillary diagnostic 
tests ranges from the examination of the cerebro- 
spinal fluid to the administration of the Rorschach 
test. The introduction of a chapter on neuro- 
chemistry and metabolic disturbances is especially 
to be commended. This treats among other things 
of fluids, electrolytes, acid-base balance and endo- 
crines, subjects so often neglected in neurological 
books, yet so often the determining factor in the 
survival of a patient. Further evidence of the com- 
prehensive scope of the book, and of the recog- 
nition by the authors that neurology is a part of 
general medicine is a good chapter on the neuro- 
logical manifestation of some general medical 
diseases, in which the collagen diseases, blood dis- 
eases, and disorders of the liver and bone are 
discussed. 

It is inevitable in these days of rapid advance 
that all parts of a modern textbook cannot be 
equally satisfactory. Thus the clinical use of nerve 
conduction velocity measurements and radio- 
active implants in the pituitary are not discussed, 
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and the attitude towards the use of air-encephalo- 
graphy is not in keeping with modern British 
practice, though it is fair to say that practice in the 
United States differs somewhat in this respect. 
Also the practical problems of differential diag- 
nosis, as for example in cervical spondylosis, tend 
to receive rather cursory treatment. 

But the book has many commendable features. 
The illustrations of disturbed bladder function 
and the tables of incidence of types of tumours 
are examples. There is, moreover, an extensive 
bibliography and an excellent index. Those inter- 
ested in neurology will find this a valuable book. 


Diseases of the Nervous System in Infancy, 
Childhood and Adolescence 

By Frank R Ford mp 

4thed pp xvi+1548 illustrated £11 16s 

Oxford: Blackwell Scientific Publications Ltd 

1960 

This erudite and encyclopedic work, now in its 
fourth edition, has been the standard text in 
pediatric neurology since its first appearance in 
1937, and there is no manual in this field compar- 
able with it. It covers its subject exhaustively and, 
when one recalls the time that must go to the 
revision of such a book, the present edition is 
remarkably up to date. It shows signs throughout 
of the fruitful association between Dr Ford and 
Dr F B Walsh, director of the Ophthalmological 
Department at the Johns Hopkins Hospital, and 
neuro-ophthalmology is fully and authoritatively 
presented. Not only is this a work of reference 
covering the relevant literature, but everywhere it 
bears the marks of the author’s wide personal 
experience and sage judgment. 

The pre- and post-natal developments of the 
nervous system are admirably dealt with, and that 
dreadful omnibus term ‘cerebral palsy’, which, 
like the mule, has no pride of ancestry, and, we 
may wish, no hope of survival, is not to be found 
in these pages. 

In the opening section on the clinical aspects of 
the anatomy and physiology of the nervous sys- 
tem, we may regret the survival of the dubious, 
indeed, now discredited, cortical maps of 
Brodman and Foerster, the use of which in cer- 
tain schools of physiology in the inter-war years 
did so much to confuse our notions of functional 
localization in the cerebral cortex. These charts 
have all the mysterious viability of the false. This 
is a very minor criticism of a work that should 
find a place in every neurologist’s library. 

The book is admirably produced and beauti- 
fully illustrated, and author and publishers have 
placed neurologists in their debt. It is unfortun- 
ate that its high price in this country will limit the 
circulation of a most valuable textbook. 








82 Proceedings of the Royal Society of Medicine 


Clinical Gastroenterology 

By F Avery Jones mp Frcp and J W P Gummer 

MS FRCS 

pp vii+652 illustrated 70s 

Oxford: Blackwell Scientific Publications Ltd 

1960 

There are many books on gastroenterology, some 
of them running into many volumes, but this new 
work is not in competition with any of them for it 
provides something that is not available else- 
where. In one smallish volume of only 600 pages, 
it gives a broad conspectus of gastroenterology 
which is extremely comprehensive without being 
overburdened with detail. 

The authors are well known for their work at 
the Gastroenterological Unit at the Central 
Middlesex Hospital and the text they have pro- 
duced is extremely readable. They give a good 
account of each disease with very useful refer- 
ences to the literature and discuss management 
and give practical details on treatment in a forth- 
right manner. The illustrations, mostly radio- 
graphs, are not quite up to the standard of the 
rest of the production and it would be a great help 
if a small line drawing was inset into the corner of 
each of them so as to demonstrate clearly the 
point it is meant to show. The references could 
with advantage be quoted in full with the title of 
the paper since in this form they are much more 
useful: the small additional space which this 
would take up would be well spent. The book has 
been printed in England and although the type 
face is small, it is extremely clear and the quality 
of paper excellent. This is a splendid new text- 
book which is likely to become a standard 
reference work on the subject for most people and 
we can look forward to future editions with 
interest. 


Disease and the Advancement of Basic Science 
Edited by Henry K Beecher 

pp xi+416 illustrated 100s 

Cambridge, Mass: Harvard University Press 
London: Oxford University Press 1960 

For many years most of us have been led to 
believe that advances in medicine stem from re- 
search work carried out in the basic sciences. 
However, it has recently been made increasingly 
clear that certain advances in our knowledge can 
only come from a study of disease. For example 
there are vitamins which were only discovered be- 
cause of the deficiency diseases which their ab- 
sence produced. Indeed, sometimes the hospital 
offers a better research laboratory than anything 
which the physiologist, biochemist or comparative 
anatomist has; this is nowhere more apparent 
than in the field of endocrinology. 





The Lowell lectures for 1958, now published, 
were based on this theme and the twenty-one con- 
tributors represent the best in medical science in 
the United States to-day. As a result this is one of 
the most stimulating and exciting books that it 
is possible to imagine. It is invidious to pick out 
individual chapters, but Walter Bauer describes 
some of the new knowledge of connective tissue 
which stems from the study of rheumatic disease; 
Carl Cori describes advances in our knowledge of 
carbohydrate metabolism which have been made 
in hospital wards; Bearn gives a splendid bird’s- 
eye view of the new subject of biochemical gen- 
etics, while Howard Means reviews the endo- 
crines and Edward D Churchill, surgery. It 
would be a dull fellow indeed who did not enjoy 
this book. 

It is beautifully printed by the Harvard Press 
and the well-selected references are given in full, 


‘which makes them much more useful. This volume 


should find a place on the shelves of every 
medical school library. 


Intraspinal Tumors of Childhood 
By Robert W Rand mp Php and Carl W Rand Mp 
American Lecture Series No 343 

pp xvii+560 illustrated £6 12s 

Springfield, Ill: Charles C Thomas 

Oxford: Blackwell Scientific Publications Ltd 

1960 

Each chapter of this admirable and encyclopedic 
work deals with a particular histological type of 
tumour, describing the histological aspect of the 
lesion, and reviewing the literature, the authors’ 
own case histories being interspersed to show simi- 
larity to, or divergence from, previously reported 
cases. The book is very well illustrated with photo- 
graphs of patients, their lesions at operation or 
post-mortem, photomicrographs demonstrating 
the histological characteristics and both plain and 
contrast radiograms. The reproduction of the 
radiograms is particularly good. 

When dealing with the rarer types of tumour 
the authors have devoted each chapter to a survey 
of all cases reported in the literature to which 
their own experiences are added. The volume is 
concluded by excellent sections dealing with diag- 
nosis, treatment and post-operative care. 

The book is a work of reference of the highest 
order which should be included in the library of 
every neurological surgeon, most of whom will 
find in it much to interest them. For those who 
but rarely see a spinal tumour in childhood this 
volume is a mine of valuable information com- 
prising the experience of many able men. 

The authors are greatly to be congratulated 
upon the production of this textbook which must 
have cost them many long hours of work. 











Relaxation for Childbirth 

By Mary Barfield Mphysa 

pp 148 illustrated 12s 6d 

London: William Heinemann Medical Books Ltd 
1960 

This little book is written by a physiotherapist to 
instruct mothers in the art of relaxation for natural 
childbirth. The practice, or one might say the cult, 
of natural childbirth has gained ground especially 
in Europe in the last twenty years. The mention in 
the preface of such names as Grantley Dick Read, 
Helen Heardman and Lamaze will come as no 
surprise to those familiar with its practice. 

The author believes in relaxation and breathing 
rather than in exercises. She takes the mother 
through the six lessons, by which she instructs 
mothers for labour, chapter by chapter. It may be 
said that a book like this cannot really take the 
place of classes conducted by a physiotherapist 
expert in this method. However, this book can be 
recommended to the intelligent mother who can- 
not attend classes and to physiotherapists, mid- 
wives and doctors who wish to learn more about 
the method. The comments of patients attached to 
each chapter are often illuminating and generally 
enthusiastic though they bring out again the fact 
that the conduct of normal labour in many hos- 
pitals still leaves much to be desired. 


Metabolic Homeostasis 

A syllabus for those concerned with the care of 
patients 

By Nathan B Talbot mp, Robert H Richie mp and 
John D Crawford mp 

pp xii+132 24s 

Cambridge, Mass: Harvard University Press 
(Commonwealth Fund) 

London: Oxford University Press 1959 

The purpose of this monograph is to describe, 
first, the various mechanisms responsible for 
maintaining constant the composition of the body, 
and, secondly, the application of this knowledge 
to clinical practice. Produced in looseleaf form, 
the book is divided into a number of small chap- 
ters or sections based on a series of diagrams and 
metabolic charts. The relatively short text and the 
illustrations are of equal importance and are skil- 
fully integrated together: in general the diagrams 
serve their purpose admirably, though the unin- 
itiated in this field may find some of them difficult 
to grasp. 

In most respects this book covers well-known 
ground, but the authors have the ability of ex- 
pressing well-established facts and ideas in a new 
and challenging light. As would be expected from 
these authors, metabolic problems in childhood 
receive particular attention, and a very valuable 
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feature of the book is its emphasis on both the 
qualitative and quantitative alterations in met- 
abolic processes which take place in the develop- 
ment from infancy to adulthood. Anyone serious- 
ly wishing to understand the metabolic problems 
met in clinical practice will find this a valuable and 
illuminating book, and it should have a particular 
appeal to those concerned with the care of acutely 
ill children. 


Medical, Surgical and Gynecological 
Complications of Pregnancy 

By The Staff of the Mount Sinai Hospital 

New York City 

Edited by Alan F Guttmacher mp and 

Joseph J Rovinsky MD 

ppx+619 illustrated 132s 

London: Bailliére, Tindall & Cox Ltd 1960 

This massive and impressive volume is a product 
of the Mount Sinai Hospital in New York and its 
aim is to give a comprehensive and up-to-date 
review of the medical, surgical and gynecological 
complication of pregnancy. Many of the condi- 
tions are commonly encountered in obstetric prac- 
tice but others are so rare that many obstetricians 
may never meet them in a lifetime. 

It may be regarded perhaps not so much as a 
book to read as an invaluable work of reference 
and as a useful supplement to the standard text- 
books. The editing of the book as a whole is im- 
peccable and an extraordinary unity of style has 
been achieved with seventy authors. The refer- 
ences are complete and well up to date. 


Contributions to Obstetrics and Gynecology 
By V N Shirodkar MD FRCs FACS 
pp vii+158 illustrated 37s 6d 
Edinburgh & London: E & S Livingstone Ltd 1960 
This book may be regarded as the apologia of a 
very distinguished Indian obstetrician and gyne- 
cologist, based as it is on thirty-five years experi- 
ence in these specialties. Professor Shirodkar is 
well known and loved in this country and has in- 
deed an international reputation. The acceptance 
of the dedication of this book by Shri Jawaharlal 
Nehru is evidence of the high regard in which 
Professor Shirodkar is held in his own country. 
Those who know Professor Shirodkar’s work 
will not be surprised to find that his main topics 
are habitual abortion, prolapse, blocked fallopian 
tubes and the artificial vagina. The book ends with 
short papers on various topics. The style is racy 
and delightful and the book is well written in a 
conversational style which is most attractive. The 
illustrations are uniformly excellent. This is a 
book for the expert and a valuable contribution to 
the literature. 
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Hearing. A Handbook for Laymen 

By Norton Canfield Mp 

pp 176 12s 6d 

London: Eyre & Spottiswoode 1960 

This is the English edition of the American book 
reviewed in the Proceedings in 1959 (52, 798). 

The text is unchanged except that English insti- 
tutions for helping the hard-of-hearing are sub- 
stituted for their American counterparts. 

It remains a very helpful book for laymen asso- 
ciated with hard-of-hearing patients. It also helps 
doctors, and even otologists, to understand the 
many problems which afflict the person with a 
hearing defect. 


Varicose Veins 
By R Rowden Foote MRCs LRCP Dobst RCOG FICS 
and A C Dingley Ms mchir FRCS 
3rded pp xx+355 illustrated 63s 
Bristol: John Wright & Sons Ltd 1960 
This is the third edition of Rowden Foote’s 
well-known book on varicose veins. It contains, in 
great detail and with many illustrations, a com- 
prehensive account of varicose veins and their 
treatment with some interesting notes on the his- 
tory of the condition. The description of tying and 
stripping veins is given in the greatest detail and 
with many illustrations; indeed some of these 
illustrations are repeated from page to page and 
this really seems unnecessary for it would be quite 
easy to refer to the picture on a previous page. 
The practical instructions on the injection of 
sclerosants, the use of elastic stockings and 
physiotherapy are all very well done. Altogether 
this is an excellent guide to the subject, but surely 
it would be even more attractive if it was pruned a 
little here and there. 


Tools of Biological Research (Second Series) 
Edited by Hedley J B Atkins DM Mch FRCS 
pp xii+175 illustrated 37s 6d 
Oxford: Blackwell Scientific Publications Ltd 1960 
This, the second volume in the series, contains 
the papers given at a symposium at Guy’s 
Hospital in 1959. Thanks to the generosity of the 
Wellcome Trust the price of this volume is iden- 
tical with that of the former volume, despite the 
fact that it has cost considerably more to produce. 
There is an outstanding introductory address by 
Lord Cohen of Birkenhead and there then follow 
ten excellent accounts of highly specialized tech- 
niques which can be of use to the surgeon or 
physician in his research. It would be invidious to 
mention particular contributions, but those on 
paper chromatography by Ivor Smith, fluorescent 
antibody techniques by R G White and vector 


cardiography by Wallace Brigden will be found to | 
be mines of information. All the references are 
given in full at the ends of the chapters and are ~ 
thus most accessible. This is a ‘must’ for all 
medical libraries. 


The Search for New Aatieatian: : Preblems and 
Perspectives 
By G F Gause Vol 2 in Trends of Science 

pp x+97 illustrated 38s 

Yale: The University Press 
London: Oxford University Press 1960 
The author is Director of the Institute of Anti- 
biotics of the Academy of Medical Sciences, 
Moscow, and the book is based on a lecture 
delivered in America in December 1959. 

Professor Gause believes that the search for new 
antibiotics would be aided if certain basic prin- 
ciples were followed. The three sections illustrate 
his views. The first is an account of the geogra- 
phical distribution of antibiotic-producing micro- 
organisms, and the second is a plea that they 
should be rapidly and properly identified. The 
third and longest section is concerned with the 
way in which micro-organisms can be used in the 
detection of antibiotics for use in the treatment of 
cancer. 

Yale University Press have published the book 
as much of the work recorded in it is recent, and 
has not been presented in English before. 


Introduction to Pharmacology 

By J J Lewis 

pp xii+826 illustrated 55s 

Edinburgh & London: E & S Livingstone Ltd 1960 
While this book is not intended as a textbook of 
materia medica or therapeutics, its concentration 
on the mode, site and type of action of drugs re-- 
quires at least a moderate appreciation of patho- 
logical conditions if an adequate understanding of 
such underlying principles as are possible in this 
field is to be obtained. The scientific basis ‘of 
pharmacology is still limited and assistance from 
all biological disciplines is necessary. The greatest 
emphasis is on the relationship between chemical 
structure and pharmacological action which at 
present gives only relationships within relatively 
narrow limits. While this makes a connected story 
difficult it makes for intriguing questions as to 
future research. The general themes underlying 
the various types of action are dealt with as also 
are the main side actions. With the present flow of 
new remedies. there are inevitably some omissions.. 
If the science student is able to retain this pack- 
aged information he should have a very good. 
knowledge of modern pharmacology. 








